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PREFACE. 


It is known that there are Sanscrit books on Astronomy and Mathematics. 
Whether the Science they contain is of Hindoo Origin and of high anti¬ 
quity, or is modern and borrowed from foreign sources, is a question which 
has been disputed. Some of the Advocates foi* the Hindoos have asserted their 
pretensions with a degree of zeal which may be termed extravagant; and others 
among their opponents have evith equal vehemence pronounced them to be 
impostors, plagiaries, rogues, blind slaves, ignorant, Sc c. See. 

My object, in the following paper is to support the opinion that the Hindoos 
had an original fund of Science not borrowed from foreign sources. I mean to infer 
also, because of the connexion of the sciences and their ordinary coinv*. of ad-' 
vancement, that the Hindoos had other knowledge besides what is established by 
direct proof to be theirs, and that m uch of what they had, must have existed in 
early times. 

But with respect to the antiquity of the specimens which 1 am-going to exhibit, 
nothing seems to be certainly known beyond this, that in form and substance as 
they are here, they did exist at the end of the l3th or the beginning of the i3th 
Century. 

It is not my purpose to inquire here what parts of Indian science have already 
been ascertained to be genuine. I only wish to observe that the doubts which have 
been raised as to the pretensions of the Hindoos arc of very recent birth, and th&t 
no such doubts have been expressed by persons who were perhaps as well able to 
judge of the matter as we are.* 


♦ The Edinburgh Review, in criticising Mr. Bentley's Indian Astronomy, in line 20lh number, ably contend, 
ed for the antiquity and originality of Hindoo Science. The writer of that article however seems to have Jett tire 
held ; and his successor, in a Review of Delanibre’s History of Greek Arithmetic, has taken the other sl l» i of the 
question, with much zeal. This Critic is understood to be My. Leslie* who, in his Elements of Geometry, line? again 
attacked the Hindoos. Mr. Leslie, after explaining the rule for constructing the sines by differences, which was 
given in the 2nd Volume of the Asiatic Researches by Mr; Davis, from the Surya Siddhanla* adds thefollowm ,y 
remarks* 



A 
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PREPACK. 


We aie told that in early times Pythagoras and Democritus, who taught the 
Greeks astronomy and mathematics, learnt these sciences in India. The Arabians 



49 Such is the (Started explication of lhat very ingenious mode which, in certain cases, the Hindoo Astro* 
li nomers employ for constructing the table of approximate smes. Hut totally ignorant of the principles of 
44 the operation, those humble calculators are content to follow blindly a slavish routine. The Brahmins must 
" therefore have derived such information from people farther advanced than themselves in science, and of 
4( a bolder and more inventive genius,. Whatever may be the pretensions or .-that passive race, their know 
“ ledge of trigonometrical computation has no solid claim to any high antiquity. It was probably, before 
“ the revival of letters in Europe, carried to the East, by tlig tide of victory. * The natives of Hindustan 
'* might receive instruction from the Persian Astronomers, who were themselves taught by the Greek-, • of 

Constantinople,. and stimulated to those scientific pursuits by the skill and liberality of their Arabian cou- 
“ (juerors,(Leslie’s Elements, $>. 485,) 

When scientific operations are detailed, and most .of the theorems on which they depend are given in the 
jb'rm of rules, surely it is not to be inferred because tlie demonstrations do not always accompany the rules, 
therefore that they were not known; on the contrary, the presumption iri such a case is that they were 
known, So it is here, for the Hindoos Ttainly had at least as much trigonometry as is assumed by Mr. 
Leslie to be the'foundation of their rule. Mr. Leslie, alter inferring that the Hindoos must have deri ved their 
science from people farther advanced than themselves, proceeds to shew the sources from which they might 
ha ve borrowed, namely, the Persians, the Greeks, ai d the Arabians. Now as for the Persians as a iiatioi>, we 
dp not know of any science of theirs ex cep t what was originally Greek or Arabian. This indeed Mr# Leslie 
would seem not to denyj and as for the Greeks and Arabians it is enough to say that the Hindoos could not 
borrow from them What they never had. They eould not have borrowed from them this slavish routine for 
the sines, which depends on a principle not known even to the modern Europeans till £G0 years ago. In short 
the ride of vivtory could not have carried that which did not exist. 

It appears from Mr. Davis's paper that the Hindoos knew the distinctions of sines, cosines, and versed sines. 
They knew that the difference of the radius and the cosine is equal to the versed sine; that in a right -angled 
triangle if the hypothenuse be radius the sides arc sines and cosines. They assumed a small arc of a circle w 
equal to its sine. They constructed on true principles a table of sines* by adding the first and second 
differences. 

From the Bija Ganita it will appear that they knew the chief properties of right-angled and similar triangles. 

fn Fyaeaft Liiavatt Hind the following rules; 

(The hypothesise of a right-angled triangle being h, the bane b, and the side $.) 
jf " , 

Assume any large number p» then-~— n* 

b 35 t /(A s » — $*) and r as |/(A* —if). 

V (( 6 - 4‘) 3 + 2 ^)=:/ j . 

,s=A*-~ *V 

b being given to find h and r in any number of ways; let / be any number; then 
ps «*». b cs h> 


»■£**,-Kh 
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always considered the Indian astrology and astronomy as different from theirs 
and die Greeks. We hear of Indian astronomy known to them in the time of the 
Caliph A l Matmuj. (See d’Herbelot). A ben Asra is said to have compared the 
Indian sphere with the Greek and Persian Spheres. (Heilbronneu Hist. Math, 
p. 4,56). We know that the Arabians ascribe their numeral figures to the 


Xet/t apd n be any numbers; then 

fyqzzs, p 5 — q* 
b* 


Given a = // dti s ; then 


a —- 


: s, and 


s b 7 and p 1 + = 

' :: Jb* 

* + a 


t r a -—a*) , j a-'r i/(2/a* — a % ) 

Given a = 5 + ij then-- J s= b, and - — ; 


’ $* 


a x 

There are also rules for finding the areas of triangles, and four-sided rigu^es; among others the rule for the 
area of a triangle, without finding the perpendicular. 

For the circle th^rc are these rules (c being the circumference, ft the diameter, i the chord, v the versed sine.. 
a the arch,) 

<' 2 22 3 ancle t a :: 1 1250, (Also see Aycett Akbery, vol.3, p.32) 

ft~l/((ft +.0 (ft *r* c)), 




4i 2P (c — fl) 

c 2 — (c ~~ a), 


and 


o 

'») X 3 




Also formula for the rides of the regular polygons qf 3, 4, 5, 6, 7, 8, 9 sides inscribed in a/jrcie. There arc 
also rules for finding the area of a circle, and the surface and' solidity of a sphere. It will be seen ako tli;, 
Mascara is supposed to have given these two rules, viz—the sine of the suih of two arcs is etjdai to the sum 
of the products of the sink of each multiplied by the cosine of the other, and divided by the radius; and tile 
cosine of the sum of two arcs is equal to the difference between the products of their sines and'of their 
cosines ^divided bv radius. 

Is it to be doubted that the Hindoos applied their rule for *.he construction of the sines, to ascertain the 
ratio, of the diameter of a circle to Us circumference ?—thus the circumference of a circle being divided into 
3oC degrees, or ? 1600 minutes, theft* of 90 degrees which is equal (o tin radius would be found "by the 

rule 3438. This would give the ratio <>i the diameter to the circumference 7 :21 |~l and 1250 : :',9 fj ‘ m 

aiid assuming, as the Hindoos commonly do, the nearest integer;-, tlie ratio would Ik> 7 : 22 or j '>50 • iggy 
It is not to be denied that there are some remarkable coincidences between tne Greek and the Hindoo science . 
for example, among many which might be given it may be suggested that the contrivances ascribed to Antiphon 
and Brno, and that oi Archimedes, for finding (fee ratio of the diameter ofn circle to its circumference misfit 
have been the foundation *1 the ilmdoo method; that Diophantus’s speculations on indeterminate problems 
aught be the origin of the Hmdoo Algebra. But there are no truth:, i„ the history of science of which vH* 
better assured than that the Suryn bkidhanta rule for the sines, with the ratio of the diameter or a circle to it, 
circumference 1250 : 3927 ; and the Bija Ganita rujesfor indeterminate problems were not known to the Greeks. 
any fo^gakirigh^^ l,!ocks v, i '" :l ' w * <M‘l in mir way when we attempt to refer the Hindoo science to 

A <7 
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preface; 


Indians; and Massoudi refers Ptolemy’s astronomy to them, (See Bailly's preface 
to his Indian astronomy, where is cited M. de Guignes. Mem. Acad. Ins. T. 36', 
p. 771). Fyzee, who doubtless was conversant with Greco-arabian learning, and 
certainly knew the Hindoos well, has never started any doubt of the originality 
of what he found among them. The preface to the Zeej Mahommed Shahy, or 
Astronomical Tables, which were published in India in 1728, speaks of the 
European, the Greek, the Arabian, and the Indian systems as all different. 
That work was compiled with great learnino* by persons who were skilled in the 
sciences of the West, as well as those of the East*. More examples might be 
given —but to proceed. . * . 

Tire Bija Ganita is a Sanscrit treatise on algebra, by Bhascara Acharya, a 
celebrated Hindoo Astronomer and Mathematician. 

Fyzee f, who, in 1387, translated the Lib,vati, a work of his on arithmetic, 
mensuration, &e. speaks of on astronomical treatise of Bhascara’s, dated in the 
1105th. year of the Salibabn, which answers to about 1183 of our aera ; but: Fyzee 
also says, it was 373 years before 993 Hegira, which would bring it down to A.D. 
1225. So that Bhascara must have written about the end of the 12th century, or 
beginning of the 13th. 

A 'complete translation of the Bija Ganita is a great desideratum ; so it has 
been for more than 20 years, and so it. seems likely to remain. 

It will be seen however that we have already means of learning, with sufficient 
accuracy, the contents of this work. I have a Persian translation of the Bija Ganita, 
which was made in India in 1634, by Ata Allah Kusheedee. The Persian does not in 
itself afford a correct idea of its original, as a translation should do; for it is an 


* Sec Asiatic Kesearches, 6 th vof. on the Astronomical Labours of Jy Singh* 

f f Jill ht ic translate a part of Fyzees preface:—" By order of king Akber, Fyzee translates into Persian, 
« from the Indian language, the book Lilavati, so famous for the rare and wonderful arts of calculation and 
“ mensuration . lie (Fyzee) begs leave to mention that the compiler of this book was Bhascara Acharya, whose 
u \y\n\i place, and the abode of his ancestors was the city of Bidder, in the country of the Deccan. \ hough 
u t j, c <] a |;e of compiling this work is not mentioned, yet it may bo nearly known from the circumstance, that the 
it nutbor nude another book.cn the construction of Almanacks, called Kurrun Kxitlohul, in which the date of 
“ compiling it is mentioned to be 1105 years trom the date of the Salibabn, an xti famous in fndiau From 
U that year to this, which is the 32d Ilahi year, corresponding with the lunar year P.95, there have passed 

373 years.” ' , 

.As the Ilahi began in the Hegira (or lunar) year, S92> (ms Ayecn Akbery) the date 32 of' llaM is of 
course an error, it is likely too that there is an error in the number 373. 

Mr. CVkbroolfe. in the 9 th vol. of Asiatic Researches, gives, on Bhascara’* own authority, the date of his birth, 
via. 106 i> Saca. In 1105 Salibahn (or Saca) that is, about A.D. 1183, he was 42 years old. 






preface; 

tu. 

«h is translation, and so«e note, 
tft ItaVH rile wdl'Xnown author of two papers on Indian Astronomy or the 

»™y >-*«»•. >- "** n 6 : s it 

tions from the original Sanscrit «►<£•£- * »®V- 
„,», he hid not complete . ■trarrsWurn ' ‘“^{ ave bee „ but ve rj 

notes held lontx $ 1 UC 6 been misUitd And „ 

n< V found and I irladly avail mvself of Hr Davis's parmisston to make used 
SlS •mclh^rtof thenris inserted at the end of my account of the 
Yc**hn tr nsiation. To prevent misconception about these notes, it is piopm i. 
StooiseSSV making then, Mr. Davis W no other object than to nrforrn 
himself generally of thonature of the Bija Ganita; they were not rntende.l 
probably to Ire seen by any second person; certainly they were never propose,I to 
convey a perfect idea of the work, or to be exhibited Wore the publ.c m any 
shape. Many of them are on loose detached pteces ot paper, and it is jnooa it 
that, from die tine they were written .ill they came into my hands, they wile 
never looked at again. But nevertheless it will be seen that they do, 'Without 
doubt, describe accurately a considerable portion of the most cur.ous parts of the 
Bija Ganita; and though they may seem to occupy but a secondary place here, 
they will be found of more importance than all the rest of this work together 
They shew positively that the main part of the Persian translation is taken front 


* The late Mr. Reuben Burrow m one of his' papers in the Asiatic Researches says, he made translations 
ot the Bija Ganita and Lilavati. Those translations he left to Mr. Dulby. They consist ot fair copies in 
Persian of Atti Aihil/s and Fyzee’s translations, with the English ot each word written above the Persian 
The words' being thus translated separately, without any regard to the meaning of complete sentences, not a 
single passage ca n be made: out. it is plain, from many short notes which Mr. Burrow has written in t ie 
margin of his Bija GanU-v that he made his verbal translation by the help of a Moonshee. aiu mat m n.u • 
the original Sanscrit at hand, with some opportunity of consulting it occasionally. 1 am much obliged to Mr. 
Daiby for allowing me the use of Mr. Borrow^ copy which has enabled me to supply deficiencies m mine; aim 
it is otherwise interesting, because it shews that Mr. Barrow had access to the original oansciit (Bfoja ly >v 
means of a Moonshee and a PtiiKlil) and compared it wit h the Person. . 

f it ;§ to be remarked that they, were made bom the .Sanscrit only. Mr. Davis never saw the Icrsiau 

tramlatlpn. 
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the Sanscrit work, and that the references to Euclid are interpolations of the 
Persian translator they give most of the Hindoo Algebraic notation* which is 
wanting in the Persian, and they shew that the Astronomy of. the Hindoos was 
connected wuh their Algebra. 

I must however confess, that even before I saw these notes the thing was to 
my mind quite conclusive. For I found (as will be seen) in this Persian trans¬ 
lation of 1634, said to be from the Sanscrit, a perfeetjy connected structure of 
Science, comprehending propositions, which in Europe were invented successively 
by Bacbet <Ie Mezcriac, Fenftat, Euler, and De La Grap^e J', 



* The Hindoos have no mark for-K they tvdy separate the quantities to be added by a vertical line 
thus | or (|, as they separate their slocas or verses. ** 

lijeir mark for minus is a dot over the quantity to be subtracted. 

Instead of a mark for multiplication they write the factors together as We do, thus, ab for a x l\ 

Division they mark as we do by a horizontal line drawn between .the dividend and divisor, the lower 
quantity being the divisor. 

For unknown quantities they use letters of.the alphabet as we do. They use the first letters of the words 
signifying colours. 

The known quantity {which is always a number) has the word roop (form) or the 5m MterWtbe v/ortf prefixed, 
'll- square of the unknown quantity is marked by adding to the expression of the simple quantity the first 
tetter of the word which means square, and in like manner the cube* 

The sides oi an equation are written one above another r every quantity on one side is expressed again directly 
niftier it on the other side. Where there h in fact no corresponding quantity, the form is preserved by writing 
that quantity with the coefficient 0* 

The methods of prefixing a letter to the known number* and using the first letter of the words square and 
•cube are the same as those of Dipphantus. I mention it as a curious coincidence; perhaps some people may 
at;ach more importance to it than J do, 

* The propositions which X here particularly allude to are these:— 

», A general method of solving the problem 2^™- e= y, u t b and c being given numbers and # and y 

indeterminate. The solution is founded on a division like that which is made for finding the greatest common 
■yneisure of two *nimhers. The rules comprehend every sort of case, and are m all respects quite perfect. 

2 . The problem am * 4- 1 cc (a being given and m and n required) with its solution, 

3. The application of the above to find any number of values of ax* T bzzzy* from one known case. 

4. To find values of x and y in ax * 2 3 4 + b^ y* by an. application of the problem tc y. It is un* 

necessary for me her e. to give any detail of the Hindoo methods. 

'The first question about this..extraordinary matter is, what evidence have we that it is not all a forgery? 

X answer, shortly, that independently of its being now found in the Sanscrit books, it is ascertained to have 
In n there in 1634 and 1587, that is \;6 say, in times when it could not have been forged. 

The following extract from a papa of lie La Grange, in the 2Uh Volume of the Memoirs of the Berlin 
Academy, for the year 1768, contains a summary of that part of the history of Algebra which is now alluded to. 
As for the 4th of the points abovementioned, the method in detail (however imperfect in some respects) is, as 
far as f know, new to this day. The first application o* the principle in Europe is to be sought in the writings 
TDe l^v Grange himself. 
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PREFACE. 

To maintain that the Bijtt Gamia rules for the solution'of indeterminate pro¬ 
blems might have'been had from any Greek or Arabian, or any modern European 
writers beibre trie Mathematicians just named, mo old be as absurd as to say that 
the Newtonum Astronomy might have existed in the time of Ptolemy. It is true 
that Bachet wrote a few years Before 1634, but this is no sort of objection to the 
argument, for that part which might be questioned as a mere copy of BaohetY 
mt 'hod, namely, the rules for indeterminate problems of the first degree, is closely 
connected with matters of latter invention in Europe, and is in Mr Dalby’s copy 
of Eyzees translation of the Lilavati, which I have before said was made in. 1587; 
and Mr. Davis s notes shew that it is in the Sanscrit Bija Ganita, which was 


La pin part des Geometres qui ont culiive lhuiulysc de Dipplunte so sont, a I’etfcmplc do cet illustre inven- 
tuer, uniquemenf appliques U cviter le> valeiirs irrationelles; et tout Tartifice de kw? rn£thode& se redutt $. 
'* faire en $orte que les grandeurs mconmies puissent se determiner par des nombres cr>mmen9urab!elSr 

Lart de resotidre ces sortes de questions ne demande gueas d^uitrfes prtneipes que ceux de Tamilyse 
oid.naire; mais ees principes devteiKient insuftisant I<>rs-qu\)u ajonte l,i condition que Jos quantity cdief- 
elites soient non seukment eoihrnensurables mais encore egalcs & des nombres entiers. 

M ; de Mozeriac, auteur d'un excellent commentarie sur Diophnnte et dediiftrens litres ouvrages 

" f L- crois ' ,e P re ‘" ier quit ait tantc de soumettre Cette condition 2m calctfh Ce savant a trpuv£ uric tnlthode 
generate pour moudre eo aombre;! en tiers toutes les equations du premier elegr# a deux bu pUisieurs inco-ii. 
flues, mais il tw paroit pas avoir tHe plus loin; et ccyux qui ;> pres iui se sont oceupSs du ttieme objet, ont 
ausbi presque tous borne leurs .echerches aux equations iiidetcrmin^es du premier deg re ; leurs efforts s* 
** rcdu!t * a var ‘ cr ^ methods qui peuvent servir a la resolution de ces semes dVqviatiomi, et aucun, si 
“ j ose !e dire, n’a cloim^ une method* plus direcle, plus g^nfcraku et phifc iogeniettsc que cefle de M, Bachet 
y c i lu se trouvc dm s<?« rdcr^alions math^maliques indLieles ' Problems plateaus et, detectable* qui se /ml par Us 
4< nbmms? II est a la vt;riu; assez surprenant que M. de Fermat" qui s'etoit si long terns et avec ti nt do 
- sucres ecerc* sur la th orn des nombre* cotters nV.it pas cherclte & resoudre g 4 n^|meot les problems 
" indetermines du second degrt', et des degr^s superiors commt* M. Bachet avoir, fait ceux du pranipr degi*«; 
" 0,1 a c # n<lent % de CTOil ' ? < 1 ^ s^toit .aus*i applique a cette recherche, par te pro bieme quM pmposa 
comme une espece de deft & M, Wallis et a tous les Oteomctres An^tojs, et qui consistent a trouver deux 
carres coders, dont I’uu ^tant multiple par un nomine entier donn^ non carr 6 & ensuite retranche de lhiufre 
" lf ’ roste /ut etre * Funile, car, outre que oe probknwe est xm cas pardcubcr des Equations du second 
“ \ # UK h ‘ C0,1Ilu ^ u est com mt: Id ckt <(c In rdsoiutioji getierale de cei Equations. Mats soit que 

4< * L ih Fenmlt ° ,ait m contimt fjty rechcnchessur eette matipre, soit qu’eile ne soit parvenu* jusqlFdi nous, 
“ il est certain quVm n’en tfouve aucune trace duns ses outrages. 0 

« II mod mim q«e le« Geomet.es Angiois qui ont «4lu k problems de Nf. «• Fermat n’ont pas coiam 
• tout* importance dont il esc fiour la solution generate des problemes md«crmh^ du second deM, dr. 

„ ^^"cvoit pas qullse.. ayantjamair fait usage, et Euler est si je „« mc . tmnpc , , e |)rtRli ' a/t 
fan von- comment a. side tie re p.-m,leme on peuF trod wane intin.^ de solutions ennombres unties dc 
toute Equation du second <%# I. deux inconm.es, dont on ccnnoit d#ja une solailon * 

„ ? 11 f U, ‘ B t * CUt f 1” e nd f >*«p do M. Racket-' que a part. er. HilS. 

jusqua pr&en , ou du moms jusqu’su memoirc que jc .lounru I’am.cc passte sur 1 *.solution de problems 
m4 tenmne, du second deg.y, ,u tWone de ce, sortes de proMemes n’avoit pas a propmment purler, «e 
poussce m del a <lu premier degre,” c 
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written four centuries before Sachet Though we are not without, direct proofs 
iVom the original, yet, as even the best Sanscrit copies of the Eija Gairta, or any 
number of such copies exactly corresponding, would still be open to the objection 
of interpolations, it is necessary in endeavouring to distinguish the? possible and 
the probable corruptions of the text, from what is of Indian origin, to recur to 
the nature of the propositions themselves, ami to the general history of the 
science. Indeed we have not data enough to reason satisfactorily on other prin¬ 
ciples. We cannot rely upon the perfect identity or genuineness of any book 
before the invention of printing, unless the manuscript Copies are numerous, and 
of the same age as the original. Such is the nature of our doubt and difficulty 
in this case, tor old mathematical Sanscrit manuscripts are exceedingly scarce; 
and our uncertainty is greatly increased by a consideration of this fact, that in 
latter times the Greek, Arabian, and modern European science lias been introduced 
into the Sanscrit books. 

Yet, hi cases precisely parallel to this of the Hindoos, we are not accustomed 
to withhold our belief as to the authenticity of the reputed works of the ancients, 
and in forming our judgment we advert more to the contents of the book than 
to the state of the manuscript.- When the modem Europeans first bad Euclid, 
they saw it only through an Arabic translation. Why did they believe that 
pretended translation to be authentic? Because they found it contained a well 
connected body of science; and it would have been equally as improbable to 
suppose that the Arabian translator could have invented it himself as that he could 
have borrowed it from his countrymen. There are principles on which we decide 
such points. We must not look for mathematical proof, but that sort of proba¬ 
bility which determines us In ordinary ma tters of history. 

Every scrap of Hindoo science is interesting ; but it may be asked 'why publish 
3 «y which cannot be authenticated ? I answer, that though this translation of 
Ala Allah’s which professes to exhibit the Hindoo algebra in a Persian dress, does 
indeed contain some things which are not Hindoo., yet it has others which are 
certainly Hindoo. By separating the science from the book we may arrive at, 
principles, which if .cautiously applied, cannot mislead, which in some cases will 
shew us the truth, and will often bring us to the probability when, certainty is 
not to be had. On this account I think the Persian translation at large .interest¬ 
ing, notwithstanding it contains some trilling matters, some which' are not in¬ 
telligible, and others which are downright nonsense. 

I have said that Mr, Davis’s notes shew a connexion of the algebra of the 
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Hindoos with their astronomy. Mr. Davis informs tne that In the astronomical 
treatises v o.f the Ffindoos, reference is often made to the algebra > and particularly 
lie remembers ii passage where Bhascara says “.it would be as absurd tor a person 
« ignorant of algebra to write about astronomy, as for one Ignorant oi grammar 

“ to write poetry.” i 

Bhascara, who is the only Hindoo writer on algebra whose works we have 
vet procured, does not himself pretend to be the inventor, he assumes no character 
but that*of a compiler*. Fyz.ee never speaks of him but .as a person eminently 
skilled in the sciences he taught. He expressly calls him the compiler of the 

Lilavati. * 

I understand from Mr. Davis/and I have heard the same in India, that the 

Bija Ganita was not intended by Bhascara as a separate unconnected wok, but. 
as a component r>irt of one of his treatises cm astronomy, another part oi winch 

is on the circles of the sphere. . . 

I have found among Mr. Davis’s papers, some extracts from a Sanscnt book ot 

astronomy, which I think curious, although the treatise they Were taken from is 
modern. Mr. Davis believes it to have been written in Jy Sings time, wnca the 
European improvements were introduced into the Hindoo books. I wo ot these 
extracts 1 have added to the notes on the Bija Ganita. 1 he first of the two 
shews that a method has been ascribed by Hindoo Astronomers to Bhascara of 
calculating sines and cosines by an application of the principles which solve 
indeterminate problems of the vcoud degree. This suggestion is doubtless ot 
Hindoo origin, for the principles alluded to were hardly known in Europe ir 
jy Sing’s timet- l think it very probable that the second extract is also purely 
Hindoo, and that the writer knew of Hindoo authors who said the square root 
might be extracted by the cootuk ; that is to say, the principle which ( fleets the 
solution of. indeterminate problems of the first degree. From this, and hum vha| 
is in the Bija Ganita, one cannot but suspect that the Hindoos bad continued 
fractions, and possibly some curious arithmetic of sines. On such matters how¬ 
ever, let every one exercise his own judgment. % 


* « Almost any trouble avid ex pence would be compensated by the possession of the three copious treatises 
a on algebra from which Bhascara declares he extracted .his Bija Ganita, and which in this part of India are 
U supposed to be entirely lc«t.”—As. lies vo). iii. Mr. Davis <> On the Indian Cycle of 60 years.” 

f> Jy Sing reigned lroiti 1 S'W to ltt4. 

■h Mr. Reuben Burrow,, who, by the bye, it imcl be confessed is very enthusiastic on these subjects, in a paper 
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'V'e mast not be too fastidious in our belief, because we hi ve not found the 
voiles of the teachers of Pythagoras ; we have access to the wreck onlv of their 
ancient learning - ; but when we see such traces of a more perfect state of know- 
Icelge, when vve see that the Hindoo algebra 600 years ago had in the • most 
interesting parts some of the most curious modern European discoveries, and 
when we see that it was at that time applied to astronomy, we cannot reasonably 
doubt the -originality and the antiquity of mathematical learning among the 
Hindoos. Science in remote times we expect to find within very narroV limits 
indeed . its history is all we look to in such researches as these. Considering 
this, and comparing the contents, of the Hindoo books with what they might 
have been expected to contain, the result affords matter of the most curious 
speculation. 

May I be excused for adding a few words about myself. If my researches have 
not been so deep as might have been expected from the opportunities I had in 
India, let it be remembered that oui labours are limited by circumstances. Jt is 
true I-had at one time a copy of the original Bija Ganita, but I do not under, 
stand Sanscrit, nor had I then any means of getting it explained tome. Official 
avocations often prevented me from bestowing - attention on these matters, and 
from seizing opportunities when they did occur. Besides, what is to be expected 
in this w ay from a mere amateur, to whom the simplest and most obvious parts 
only of such subjects are accessible? 

E. S. 

The following accoutit of Ata Allah’s Bija Ganita is partly literal translation, 
partly abstract, and partly my own. 

The literal translation is marked by inverted commas ; that part which consists 
of my own remarks or description will appear by the context, and all the rest is 

abstract. 


I have translated almost all the rules, some of the examples entirely, and 



;n like appendix of the 2d vol of the As. Hes. speaks of the Lilavati and Bija Ganita, ant! of the mathematical 
knowledge ol (he Hindoos: He says, he was told by a Pundit, that some time age there were other treatises of 
a%ebra, &c. (See the paper.) > 
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in parr.; in short, whatever I 
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sake of givin g a distinct idea of the book. 

Perhaps some of the translated parts might as well have been put ia an 


abstract; the truth is, that having made them originally in theii 
I have not thought it worth while to alter them. 


trouble and to furnish necessary explanation. 


The notes are only a few remarks which I thought might be of ise to save 
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“ A ft Eli the usual invocations and compliments, the Persian translator begins tuus: 
“ By the Grace of God, in the year 1044 Hegira” (or A. D. 1634) “ being the 
" eighth year of the king’s reign, I, Ata AU& Rasheedee, son of AinneU Nac ir, 
“ have translated into the Persian language, from Indian, the book of Inman 
“ Algebra, called Beej Gamut. (Bija Ganita), which was written by Bhasker Achary 
v. (lJhascara Acliasya) the author of the Lcelawuttee (Lilavati). In the science ol 
“calculation it is a discoverer of wonderful truths and nice subtil ties, al) d it eon- 
.« tains useful and important problems tv hich are not mentioned in the Leelawuttee* 
« nor in a ny Arabic or Persian book. T have dedicated the work to Shah Jehan, and 
“ I have arranged it according to the original in an introduction and live books. 

INTRODUCTION. 

« The in deduction contains six chapters, each of which has several sections. 

CHAPTER I. 

On Possession (<JU) # and Debt (^A). 

<♦ Know that whatever is treated of in the science of calculation is either 
« affirmative or negative; let that which is affirmative be called mal, and that 
“ which is negative dein. This chapter has five sections.” 

Se6T. I. 

On Addition and Subtraction, that is, to increase and diminish. 

« Tf an affirmative is taken from an affirmative, or a negative from a negative, 
“ the subtrahend is made contrary; that is to say, if it is affirmative suppose it 
“negative, and if negative suppose it affirmative, and proceed as in addition. 

“ The rule of addition is, that if it is required to add two affirmative quantities, 


* Most of the technical tenm here used arc Arabic. 
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<f or iv'Q negative quantities together, die sum is the result o»' the addition. If 
“ 'hey ave affirmative <caH. the sum affirmative; if negative call die sum negative. 
“ If the quantities are of different kinds take the excess ; if ti.o affirmative is 
“ greater, the remainder is affirmative ; if the negative is greater, the remainder 
“ iff negative; and so it is in subtraction.” (Mere follow examples). 

Sect. II. . • 

On Multiplication 

% If affirmative is multiplied by affirmative, or negative by negative, the product 
“ is affirmative and to be included in the product If the factors are contrary 
“ the product is negative, and to be taken from the product. For example, let us 
“ multiply two affirmative by three affirmative, or two negative by three negative, 

“ the result will be six affirmative; and if we multiply two affirmative by three 
“ negative, or the contrary, the result will be six negatived’ 

Sect. HI. 

On Division . 

re I he illust ration of this is the same as what has been treated of under multi- 
*" plication, that is to say, if the dividend and the divisor are of the same kind 
“ the quotient will be affirmative,, and if they are different, negative. For 
“ example, if 8 is the dividend and 4 the divisor, and both are of the same kind, 

<( the quotient will be 2 affirmative ; if they are different, 2 negative.” 

Sect. IV. 

On Squares' j\ 

“ The squares of affirmative anti negative are both affirmative ; for to find the 


* In tire Persian translation the product of numbers is generally called the rectangle, 
t I had a Persian treatise on Algebra m which there was this passage—-*' Any number which is toh? multiplied 

4t by itself is called by arithmeticians root [ by measurers of surfaces side XjLe^, and by algo 

41 braisti) thing the product is called by arithmeticians square ^ i by measurers 

44 of surfaces square (^Uyo), and by algebraists possession f . ’ * (JUc is also used for plus , and 

its opposite debt ( ) f° r minus. These terms, all of which are Arabic, are used in the Persian translation 

of the Bija Ganita, the geometrical more frequently than their corresponding arithmetical or algebraical ones. 
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'• square of 4 affrn lative we multiply 4 affirmative by.4 affirmative, and by rales 
of multiplicattoas the factors are of the same kind, the product must bv, 

“ affirmative,, and the same applies to negative.” 


On the Square Root. 

a r p|j^» square root of affirmative is sometimes affiimathe and sonu.tin.uS ucg.v* 
“ live, according- to difference of circumstances. The square of 3 affirmative or 
“ of 3 negative is 9 affirmative ; hence the root of 9 affirmative is sometimes 3 
‘i affirmative and sometimes 3 negative, according as the process may require. 
V But if any one asks the root ot 9 negative I sav the question is ansuru, for there 
4 - never can be a negative square as has been shown. 


chap. n. ‘ v 7’ , ‘ 

On the CiPHEii. 

u It is divided into four sections.” 

Sect. I. 

On Addition and Sub trad ion. 

“ If cipher is added to a number, or a number is added to cipher, or if cipher 
“ is subtracted from a number, the result is that number ; and if a number is sub¬ 
tracted from cipher, if it is affirmative it becomes negative, and if negative it 
(< becomes affirmative. For example, if S affirmative is subtracted from cipher 
“ it will be 3 negative, and if 3 negative is subtracted it will be 3 affirmative.” 

Sect. II. 

On Multiplication. 

“ If cipher is multiplied by a number, or number by cipher, or cipher by cipher, 
“ the result will be cipher. For example, if we multiply 3 by cipher* or con» 
“ versely, the result will be cipher*' 
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Sect. 


lit 


On Division. 




“ If the dividend Is cipher and the divisor a number the quotient will be cipher. 
u For example, if we divide cipher by 3 die quotient mil be cipher, for multi- 
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plying it by; the divisor the product will he. the dividend, which is cipher: 
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* and if a number is the di vidend and cipher the divisor the 'division is impossible; 
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“ for by whatever 'number We multiply the divisor, it will not arrive at tfte'clivi- 

' . i . ‘ 

*'lead, because it ■ w ill ahv^ys ba cipher. 5J 
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Sect. IV . 
O/t Squares, 8 $l 
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u Whatever is unknown in examples of calculation, if it is one, call it thing, 
“ ( )» anc ^ unknown ( Jj^^ssn*) ; and if ; t is more call the second black, 

“ and the third blue, and the fourth yellow, and fifth red. Let these be termed 
“ colours, .each according to its proper colour.. This chapter has five sections. 


•Sect, I 

On Addition and Subtraction of Colours. 


<« 


f ( When we Would add one to another, if they are pf the same kind add the 
“ numbers * together ; if they are of two or more kinds, unite them as they are, 
” and that will be the result of the addition.” Here follows an example. 

" If we wish to subtract, that is to take one from the other, let the subtrahend 


‘•' be reversed. If then two teftm of the sartie kind are alike in this, that they are 
" both affirmative or both negative, let their sum be taken, otherwise their dif- 
“ ference, ami whatever of the kind cannot be got from the minuend, must be 


*■ Meaning here the 
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“ subtracted front cipher. Then let it he reversed, and this will be die result 
“ exactly.'” (fit re follows an example). ’ 7 


Sect. II. 

On Multiplication of Colours. 


“ If a colour is multiplied by a number the product will be a number*, » X x 
“ will be a 1 *, whether the number is the same or different, and the product multi- 
plied by x will he x 1 . If the colours are different multiply the numbers of both 
“together, and call the product the rectangle of those two colours,” The 
following is given as a convenient method of multiplying . 


■ f, 


+ 3.C H- 2 


+5x -h 15.?'* + 1 <Xv 


Product +• 15a 1 -p 7x — 2 




mm 


which shews the product of (d> -1) X (Sv + 2.) (Here follow' examples). 


Sect. Hi. 



“ quotient.” 
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On- the square of Colours: 

i ^^ * s sa } » ^ i€ product arising from any thing multiplied by Itself*” 
Examples 

’, " • •* ^ ^ 

Sect, V.. 

On the Square. Root vj Colours. 

“ T °' kll(W t ‘ fje st i« I,re root of a colour, find tfift which when li i« multiplied hy 
itself the product subtracted from the colour whose root is required, will ieave.no 

remainder, .me rule is the same if there are other colours or numbers with 
“ that colour.” 

Example Required the square root of f|f +2j6-4Sx. The roots of l&p 2 and 
36 are 4x and 6 , and as 4&e is ■•- these, two roots must have different signs. 
Suppose one d- and the other multiply them and the product will be — 24c; 
tvdee this is — Ux which was required. The root then is + 4 x- 6 , or + 6 — 4 . 1 '. ' 
Another Example . Required the quare root of 9 .^+ 4 ^+a l +]2^—6.(*1 
d^^.—4j/4-2.s+1- Take the root of each square; we have $x, ty, ~z, and 1 . 
Multiply these quantities and dispose the products in the cells of a square. 
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fi 

) Sx 

9 , 2 ? 
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6 xv 

5;i'Z 

ix 



4y l 

2 \y& 
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feMMI* 

,z 

3xz 

.J 

■ £yz 

2* 1 
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*y 

. Xj 

1 I 
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To find what sort; of quantities these are; The product of* and \j is +, there- 
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the Actors are like, suppose them both The, product 

jfore fftlie fowner having been supposed - the latter nuts 
>rs must ! be different. Sr is the product of 3x and 1 ; and. 

The sorts thus found are to be placed in the cells aeco 
ie products is the square whose root was required. It x 
if sorts would have been contrary, the reason of which is 


On Sunos. , 

Containing five sections. 

' Sect. I. ■ - - T 

; ' • ■ /• - ; * . , Vs K ' tf MM ' 

On Addition and Subtraction, 

difference of two surds; y'ct and \/b for instar 
and if a X b. is rational sail 2 
*, and the.difference, \/(d 
irrational the addition and subtraction are impossible, 
Required the sum of \/% and v'S; 2 4 - 8 — 10 the 
8 the less surd. 1048—18 and 10— 
and s/% the difference. If one of the nurnbe 


To find the sum or 
Rule, Call a 4 b the greater surd 
surd. The sum will be s/(a + b+Zs/ab) 

If a X b is 
Example. 

2XIff,- V'lSrrf, 4X2 
then will be the sum 
take its square and pr< 
multiplication and division, for on anu 
the operation cannot! be performed. 

Another Rule. Divide a by b and write )n two 
place add 1, apdln tire second subtract .1, then w^shalUiave 

~z \/u + %/b aI *d y/ ({v % ^ X b) — 

can only be made by writing the surds as 
the greater-'number 4 and the less —. 


s/b. If -r is irrational the addition 
« 

are, and the subtraction by writing 








JHiHOPUCTION', 



Sect. II. > 


On Multiplication. 

Proceed according to the rules already given; but if one of the factors has 
numbers as dirhems or dinars, take their squares and go on with the operation. 

Lx'-r-^lc, Multiply v/3+5 by v / S+v / 3-f-v / B. As 5 isof-the square sort take 
its square,- and arrange in a table thus : 


1 

***** —,--mm.- 

v/2 

\/3 

s/8 

v'i 

1 

t/6 

/9 

V / 2 

j 

*/*S 

*.-. ,,,' 

{<w : 

s/qo 

V75 

v/200 

| Product 

3 + \/54 + s/450 -f %/? 3 j 


tenns of the product, if an y square number is found, take its 

I””'- ^ ® ", T! / iK r ° 0t U ^ T,K rat of the Wng irrational, 

t ^ “ “ n , be a,Wed - /«+ ♦'**=✓44. If .hi, h,, ware a square number 
ts joot should be extracted. 

Nofurtheraddition is Possible; the complete 

product therefore is 3 +v / .54+ v / 4a04-^75. V 

/mother rule to be observe,ll, if any of the term, which compose the .actor, 
car. he added, take their sum and write it in the table instead of the terms of 
v Lk-J) it is formed. Thus in the last example s/2 and s/8 may be added. Write 
v w winch ,s thc <r sum m the table, -,nd we shall have 
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and the result is the same as before. 

Another Example. Multiply \/3+ */35 by \/3+v/l£—5. Instead of y'S and 
v/12 write their sum \/ 27- Take the square of 5 it is 25, and this is negative 
not withstanding the rule which says that whether the root is negative or affirma¬ 
tive the square shall be affirmative. Here the square must he of the same sort” as 
the root. Multiply \/27—l/25 by \/3+\/ 25. 


. 

4V»7 

-v/2 5 

+ v/3 

d-Vst 

-V75 

+ v/25 

+>/675 

-v/625 


-36+^300 


s/81 ~9 and \/6 c 25 —%5, 25 being negative and 9 affirmative their sum is — 16, 

and the sum of + v / 675 and — v / 75 is + v / 300. Therefore (%/3 + v /l 2o) X 
(v / 3 + y / 12-5) = -~16' + v / 300. 








v'3 

v/13 

- , ..- 

v'd 

t/9 

V / 54 

v/ft? 

v/75 

450 

3 + ^75+^54+450 
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0/z Division. 

Divide the dividend by the divisor, and if the quotient is found without a .re¬ 
mainder rite division is complete. When this cannot be doho proceed as follows : 

When in the divisor there are hot!) affirmative and negative terms, if there are 
more of the former make one of them negative f if more of the latter make one 
of them affirmative. When all the terms are affirmative make one negative, and 
when ali are negative make one affirmative. When the number of affirmative 
terms is equal to that of the negative, it is optional to change one of them or not. 

Multiply the divisor (thus prepared) by the original divisor, and add the pro¬ 

ducts rejecting such quantities as destroy each other. Multiply the prepared 
divisor, by the dividend, and divide the product of’ this multiplication by that of 
the former the result will be the quotient required. 

Example. Let the dividend be that which was the product in the first example 
under the rule for multiplication, viz.' 3 4* \/54 + \/A50 *f \/75» and the divisor 
v/18 -! v'S. 

7.5 .... & 450 _ _ 9 _ 3 54 

3 -g— ■**, >' - h 5 - is 

the quotient then is 5 4- v/3. 


3, v% 


5, 


Another Ecamplh. Divide s/9 4- s/5± 4- \/450 -(- s/7'5 by 5 4- s/3. Make 
v/3 negative, and multiply 5 (or v/25) — j/3 by the divisor \/%5 4- s/8. 



4-/25 

~V3 

4- V S ! 

! 

1 4 -s/75 

1 

—y/9 

. 4~ i/25 

+\/6p 

-v/75 j 

—J 
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*/7S occurring Iwice'wid. opposite signs is destroyed ✓««=*«, ✓«: 
);_3=»2=s/484. Multiply s/25 - ✓* t* *e dtv.dend and ire Have 




Sj 




j 

+\/9 

1 ; • 

+\/54 | +v / 450 

1 

+\/75 

—'v/3 

j -c/27 

~- v /!(>2 

\/l350 

-- \/ 225 

~f*\/ 25 

q - v /225 

+* /1 .iiiO 

-f/11250 

+V1375 


Here v/225 andVlS50 are rejected. Find the sum ot s/9.1 and y/\^5 m tin* 

" ianne ' V 1875 + £7 = 1902, 1875 X 27 = 50055, / 5002.5 = 225 
2<25X2 —450, J902 — 450 — 14-52, v^ 145S=\/1875- v/27 

Next find the sum of v/102 and \/l 12^0. 

162+11250=11412, 162 X 11250= 1'822500, 
s/ 1822500=1350, 1350X2=2700, 11412-2700=8712, 
v/8712 = v 7 11250—v/162. By the multiplication of the dividend we have found 
v/1452 and s/8712. 

Divide these by s/484 which was the result of the multiplication of the 
divisor, and we shall have s/18, and s/3 for the quotient required. If s/3 is 
retained as correct, and /IS is considered as incorrect, instead of /.l8 other 

numbers may be found by the following rule *. 

Divide the incorrect number (meaning the number under the radical sign) by 
any square number which will divide it without a remainder, and note the quotient. 
Divide the root of that square number into as many parts as there are numbers 
required. Take the squares of these parts , multiply them by the quotient above 


# To resolve \/a into several parts, divide a by any square b\ arid let l be resolved into a$ maily parts, r, a, e, 
& c. M «»*y.bewq«»*tf. Tfc, ✓ • = V(fc*)+ V(£*J + ^ iwy bv proved by adding 

the quantities, 
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iouud, and the roots of the several products will be the remaining parts of the 

quotient required. 

T “ 2> ~ 3 > 3 - 1 + 2 » ** = 1, 2* * = 4, 1 X 2 = 2, 4 X I = 8. 

if 2 and f'o are the remaining parts of the quotient. 


Sect IV. ' . 

On the Squares of Surds. 

Multiply the surds by themselves.—(Here follow examples).—The squares arc 
found by multiplying the surds in the common way. 

Se.ct. V. 

On finding the Square Hoots of the Squares of Surds * 

“ If the square is of one surd or more, and I would find its root: first I take the 
square of the numbers that are with. it, and subtract these squares from it. 
Accordingly after subtraction something may remain. I take the root of what¬ 
ever remains, add it in one place to the original number, and in another sub¬ 
tract it from the same. Halve both the results, and two roots will be obtained. 
I then re-examine the squares of the surds to know whether any square remains 


Let 0 + Vi+ 1 / 0 + i/d, Sec. be the square of a multinomial surd, a the sum of the squares of the roots, and 
l/b+ i/e+i/d+ tec, the product of the roots taken two and two. The-number of roots being n, the num¬ 
ber of terms in the square will be «* of which n will be the number of rational terms, and *»-_* the number of 

surd .products. Jf we call the double products single terms, will express the number of surd terms, 

and considering the sum of the rational terms as one term, the proposed square may be reduced to the form 
(x + y + x + &c.) 4- (CVW + 2t/*z + Sec.) q. fpYyz + ,1c. Sec.) 

--here y'x + i/y + y'z + Sec. is the root of the Square, and the surd terms of the square are divided into 
Periods of 1, it — 2, n — &c, as directed in the Beej Gtmnit. 

Supposing a 4 if 4 2 4 * &c. zx. n 
$ fVfy 4 &c\ 5= B. 

* 4" &<> = $ 

Set & cc. 

fa 4: .4^ ) 


•/- 

✓ 


-R 'Sfc $/-(K" --*• 4>/S ) 

S ±V(S* ~~4st ) 


: y* or |/r 

— Vv or V s 

= V% or kc, and so on* 









•fci Vi.-' , ■ •: • ' 

attcv feiic subtraction or not: it none i’C: iaiiis 'those two are the roots required 
“ if an y remains, that one of these two roots, to which the following rule cannot 
“ he applied'! is correct, and the other is the sum of two roots; from that root we 
* s obtain the two roots required. The way of the operation is this, suppose that 
“ root number, and take its square, and subtract froV it the square which was 
•‘ not subtracted at first,- and take the root of the remainder;.,let this be added in 
“ one place to the original number which we supposed, and subtracted from it in 
“ another place, and halve both the results, t wo roots will be obtained. If then 
“ these three are the roots required, the operation is ended, otherwise go or. with 
‘ 11 it in the same manner til) all the roots are found , and if the first question is 
ot a number vithout a squme of a surd, it may be solved by the operation 
“ which was described at the end of division. And if in the square there are one 
pr more surds negative, suppose them affirmative, and proceed to the end with 
“ the operation ; and of the two roots found let one be negative. ” 

Inquired the root of 5 +V a4; 5* - £5, £5 ~ 24 = 1, *>1; - ] 5 4- 1=6- 
| = $ and | - 2; and \/‘3 4- y/2 


Another Example. Required the root of iO+i/24 4 - 1/40 -by/60 • IO*raloo, 

100—(24+40) = 36, ✓so = 6, 10+6= 16, 10-6 = 4, !J .= 8, f = * i ilcn 

we have \/H and \/2. As 60 remains to be subtracted, one of these two numbers 
L one tern 1 of .the root, and the other is the faun of two remaining terms 
(should be the loot ,of the su-m of the squares ot the remaining terms). The rule 
is not applicable to 2, therefore 8 must be the sum of the terms. 8* a 64, 


3. Wherefore / 2 -b 


64—1>0 = 4, v^4—•£, 84-5—10, 8 — 2—6,“ 5 and 

s/3+^/5 - ✓ (104-/244- y'40 4- v/60). 

Another Example. Required the root of J6 4-V'24'-b V40 + v /48 4 . v /(ft 
i~\/ 724~v / T20 ; 16 —250, 256’--f244-40 4-48)~ 1,44* 5 / 144—12, 164 - |Q—gg^ 


16’- 12=4, 


28 

2 


14, ~ =2; we have then 5 /Mand S/% As, the rule does not 


apply to 2 , 14 must be the sum of two remaining terms of the root. • 14 *—- jgg 
! ( jG ~~( 120 -h72) —4, 5 / 4 = 2 , 144-2-.16; 14-Q = 12 , ^ 8 , M - 6. One sum 

remaining, and the rule not being applicable to 6, 8 must be the sum of two 



mgujiEi. 






’’ i '**• + ji'iiMfWft'li 

SWTltOBUCTlON. 


lai 


U’J'nis. 5;=64, 

AH the terms of the squ 
ye + >/5 + v 3 + v /( -\ 


G4^60—4' 5 V4-2, 8• f 28 -= 5, and | = 3. 

re having been brought down, the complete root is 






■:wm 




Another km«#% Required-the root of 72: 72+5184, 5184-0-5184, 

./5IS4--2. 72 + 72 = 144, 72 -72=0, ^ =72, ~ = 0, V?& then,is the root 

]f instead- of one term three term.f are required, find them by the rule 
• - n the . Plt tej on division ; divide by • 36 .which, is a square number, 

-* '■ :■ ,+ • . • *0 ' 72 


It 


mir.M 

WwlM-ltm*; 






72 - 18, 4 X ~ =s 8, 


pfetl! 


r \ f 

:= --s' y'UiczG, 6 = 3 + 2+ 1, 3+P, '2+4, 1 =h '<+ 

lX |r£; thereto* U % hice equal terms-had been 

required, the root of the divisor must have been divided into three equal pads, 
shot her ExampL It is required to find, the difference of ys and v 7, 1 he 

rule not being applicable to this case, suppose \/7 affirmative, and V 3 negative, 
the mu are of these numbers is 10-Vfo. To determine the root of this, suppose 
84 to be positive: 10+100, 100-84 = 16, */l 6 « 4> 10+4*14, 10-4*6, 

,i* =7< £ - s. We have then \/7 and v% one of which must be mhit'S because 






+/Q 4 xvas minus. 


O-r 'v;w , 

Another Example. Whether the root is +v / S+v / 3~~ V 5 or 2-”-\ *+v 
the square will be the same, viz. J0+v/24—\Z40- 


pi are be 

det( 

.•rained; 


10 

: io 

— 0=10. 

’ EA. 

= 5,™ = 

5+1=6 

\ % 

6 

—1=4, ~ 


: 5. A: 
4 


> n 


lS remains, 5* &=; 25, 

/ = , 


25 — 24 s= 1 , \/i7= 
tracted from 100there remains 36, •/36=6,30-1-6 = 16, 10—6=4, —1= 8, - = 2. 




.10 „ 6 

As v / ’60 remains 8*=64, 64—-6()s=:&r v / 4zz::2, 8+2 -10, 8—2—0, ^ ~ 


If ^ 4 , f>0 is ■ subtracted from 100 there remains 16 , \/ loi~4, .10 + 4— 1 + 


> 


-6, 


} 4. 


S, : v/40 yet remaining, 7 1 = 4,9, +9--40=#, i/pasS* 


: 4 , = 5, £ = 2. The terms of the root are W‘2 and 
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✓3 ami VJ. If 2 and 5, or 3 and 5 are both negative or both affirmative the oper¬ 
ation will be the satue-j the only difference will be in the signs. 

” **■- ^ ™ 6t consists 01 0316 term * on, y. »ts squ,ue will be of the kind of 


!«■ 

IS 


, m t- . . ..a. wi. UJ lilt: Kino or 

numoel^ it oJ two terms, its square will be number and one. surd if the root 

“ has three te,ms » the square will have one number and three surds; if it has four, 
" the square will have one number and six surds; if five, one number and ten 
^‘ siuds ; and if six, one nurabe- and fifteen surds. The rule is, arid the numbers 

A J ■ ,>aturai 5caie * from J t0 );5>c number next below that which expresses 
u , number or te. ms m the vtifet, the • • H shew the number of surds. Fot 

tu use o< .beginners is annexed a table m which the first column shews the 
“ number ot terms of the roots; the second column shews the number of surd 

‘terms m the squares; and the third the number of rational terms in the 
Squares, from i to 9. 
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M .. 




MfipsKP 


~~ 




No of terms in jNo. of surds in 


the root; 


2 


t he f<i<ian\ 


iSio, :>f ration! 

tenlw in the 
squares. 


0 


tt 


I 






p^0/0li-Kl 


6 

10 


6 


15 


21 


8 


d m 


28 




The number of,ui-a terms in the square being 2l^*, IS _ 

» 2 


Irom I to the number next below ». 


the sum, of the numbers in the natural scale 
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tZ/'md 


' ^ 

vfiT 
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, 4 w.\ .. x ,, * *Vv , • 

„ | ?(1 ., „., m w s consisting of more wrms thutt <) live number of surds in the i 

<< (( „,ai-es«mav be found by the rule which hit* beet' given., if ip the square there 

■’’* J , . t.. ,.£ fem eS,» ,c’mi»r/i nf -ttm Tmmhfirs 


Ai are three- surd tvnns, ftfbZ au»v» w ,,— - » , 

U aiH i iiftenrafds subtract the third. If there arc six surds, first *w*»ra» 3, then 
U c au< Uo op : if there are' 10 surds, first subtract 4; if 15, first p if Si, first 6; 
< ( ■fop f nrt 7 . if qr; fi rs t 8 • and in general the number of surds of the square 


s, first subtract, two of them from the square of the numbers 


IWli 


D 


P geneia.1 uie jhmiiuw su.w v. 

“ wilMm f« ,he table in the column of roots next above' the unmoor 

« J f it6 w6t if they are. not subtracted in the regular order, the result will be 

••‘ wrong. The test of the optrati&ti of thisif either of the two numbers found 
, . ,. • _ i-k. .. ..I. iwifi. tin* Kiimitff xtliu'.h was subtracted from, the 


bv the rule is multiplied by 4, and the number which was suldraMed from the 
‘V rue of the ’idiomd term • n> divided by the product, the quotient will be the 
■Jtlier number ibuctl, without any remainder. If ehher of those two numbers 
is a correct term of the root, and the other the sum oft wo-roots, th,- least, t ,qi- 


. . IV 

“ that which is the correct term, whether in. number it be more or less than tne 
fehe sum of two roots, must be multiplied by 4, and every quantity 

k , t \ a ? _ .u _! i\ 1.4-. 


<l number Of (ire sum of two roots, must dc muicipueu uy <0 **>« c » t .jr u—J 
«'• that has been subtracted must be divided by the products, the quotient wdf be 
“ the numbers of the required roots from- the second number, li, alter tins divi- 
’t 8 ion, there is any remainder the operation » wrong.- 


•SIOlw viav: 1 c io tUiy ■ euittinut* - 

«< Xhe squares of all moofrid numbers* are made up either of rational uutubets 
alone, or of rational numbers and surds, as has been, seen in the examples of the 

.' o'; . ' ' .• • ./•• >«. ' •..-•;.' : K-'-V • 

scctjoit on soiitiiCSr. 


“ If d surd occurs there must be a mooffid n amber with it, otherwise its root 


Jti €X OUl [ 4 V/UVVHtJ V**V* V ~ - 

“ cannot, he (buud. I# a surd is divided into twoFor example, if v"IS is 
« divided into s/i and s/% Its root will hare one term tiiorc than it would have 
« } lat j .egularly ; «,nd if two surds are united the root will have one term less. 
•« These two operation;, *of separation and union must bealthadt si to and applied 

ErljZ Eequhed the root of 10 -J- v"d2 + v/M + */«. From the square 
of fcO which is -100, subtract any two of the - *be radical signs, and 

the remainder wilt be irrational: the case is, therefore impossible. If we proceed 
contrary to the rule, by subtra; ting at ouce the three, terms* from 10 0, we shall 

10+6=. Hi, 10—6=4, 


have 


emainder. 


1 >; 


J 0 
o 


% 


We 


wjfitfwtem* simple as opposwr m comjwtnii, but in Uw fengua £ e of this science it | generally used tc 
. a number having one significant figu.i * <+• : 









i i ... .... , .. . . 

• afi . v «*. * fo£#rafeir square is 18. 

i we procecu contrary to the rule by findutg a surd equal to two of the «iiHs 

.« k/'JO xvlri^U « fUr. „_ . S,-, n .i //> i . /. - ’ 



which is the sum of v/JS ami \/8, and extracting-the root of 10+ 
7‘2 4-%/.£•* we shall have ..for the two roots s/6 and </4, but their .square. is not 

i'l : t i f"l7 wllOfif* VAOl \irno .1 ! r r 1 jlV. ' 1 'i< 


Uif Uf the .quantity whose root 
r more examples, ..which cone 

m/fZ ' y ■ a B 

CHAP, V* * 


was required The foregoing rules are illustrated 
include this chapter. 


p.f 


iBS: 






■ j ( r-j't /i i,i « a . 

1c find the value of an unknown number, such that when-it is multiplied by 
a . kn ^“ m ‘ n> >ei ' a,K " tlle product. increased by a known number, and the sum 
“ divided by a known number, nothing remains. Call the number by which the 


P" 7- V"-’.y.MVMv 1 CFlfJtni ipe UJV 

Sion, and write the three quotients, giving each the same designation as ti 


K number from which it Was derived. Divide the dividend by the divisor,* and 
the divisor by the remainder of the dividend, and the remainder of the divi¬ 
dend <>y the remainder of the divisor, and so on till one remains Then lei the 
’* *p‘°‘: bc /discontinued. Arrange ail the quotients in a line, write the augment 

h .I:. T>W f ,' !e Im f-;?V‘ d a dphev bcI(W lhe augment Multiply the number above 
the, cipher; that is to say, the augment, by the number immediately above it. 
jamtw t.H. product a<kl the dpWr. Multiply the number .h„ s fouod by tl,e 
d f? fc ,cx - J y'I*** l' R ... sr..l ta tile product add tile* number above Ac 
„ ”**2^““ 00 , t,ilth,: n ““ b * “> «*» «•» ~e oxhauded. If or the tin 

•• 15 ?77™ g •" '■■= *$**. & 

« ^ the least values. Divide the value of y by a and call the remainder v. 

, n,<e the va 110 ot ' r h y h aflf! caIi the remainder x. Multiply a by the valve 
„ 0 ,t . j nd :*° the Hf U f add c ‘ divide the sum by b and the quotient will be 
y without any remainder. And if Co tire first remainder we a,hi s agbm and 


again, and to the second remainder b as many times, we shall have 


of ,r and y , 

“ <1 ' us mle ,s applicable only when the number of quotients is even; 


new values 


‘'hen it 


* ^ lie ru * es g^ vcrl < n *Mst cluster are in effect the <r<me ihrK. - h j \ 

European Algebraists for the .solution of bdctcnnii)ate prclbrns of ti r 7 **** * ^ 

process by continued fractions. ’ < grec. Compare? '*tu'Hn> ith Uh* 





INTRODUCTION. 

ft. ilaving perfumed the operations directed above, sn]U- 
rotn a and that Of <v from A, If a member cannot be round. 

put a remainder, but.a number. can be found to.,divide 
naimler, ('supposing the reduction of these tw&dnstead pi' 


that of the three which was directed by die foregoing -rule) ,v will he '..brought 
out: right •'run! v wtonar. To dad y right, multiply its value .now found 


*? divider of 

a and c, and the pv 

can be red 

[iiceo <>y a eoi nniou 

y common ( 

lit . iid the* juo 

u tract lire v 

T)K^of > ixqni b> j 

?* I f the 'S 
is 

,ivb t >’act ioi i I >. possi t)] 
i)ic suppose tue cx.ci 


oid the product will be the true, value of y. If c,and only 
isor. the value of ,?■ rnust be multiplied by the 
x will he the...true value of-.tv When c is -—pub- 


tire question ,;w solved ; if it 

■' T. l I; tfj ' -7...y -■.•••' t. a V* (i, •ove the - minuend to be 

negative. Multiply the minuend Ivy a number, so that tire product may be 
“gicatei than me negative quantity. From this product, subtract the negative 
• uitit , and the remainder will he the number.required. 

•' W hen a is — the same rule is to be observer.'; that is, subtract the values pf x 
“ an d V bom l> .mid a. It c is ,4* and greater than b reject />, and its multiples from 
“ c thl a number less than b remains. Note tjie number of times that b is rejected 
*' from e; if there w ill he no remainder after rejection it is unnecessary to reject. 
■' Go on with the operation, add the number of rejections, to the value of y and 
11 the sum will be its true value. The v alue of r will remain as before. If c is — 

1 subtract tnr number of rejections from the value of y. If a and c are greater 
|“ than b reject b (or its multiples) fro nr both ; call the two remainders a and c 
“ am! proceed ; ,r will come out right and y wrong. If there is no augment, or 
^ gj divided by b leaves no remainder, r will be,, as; 0, and y the quotient. If 


7 ’ ‘ • * '• v. , Mini Ijf uit vj u it* ’ .1 j, 

* the numbers are-not reduced, but the quotients are taken from original, nurn- 
“ bcrs * v a.»d y will always be brought out right. If the numbers arc reduced, 
.r ami y wi T ! he brought out right only when both are reduced, and but one of 
"1 be brought out right when both are not reduced/’- 


them 
Example 


) t 


c 


Mv< 

iasr 


iividing these numbers by is we 


\j , c — 5, t: — )5. Divide I/ by 15 (as above directed) oontinij- 
division till the remainder is f. The quotients are 1 and 7 , unite 


these in a lire with cf below them, and 0 below <f, thus: 
Multiply 5 by 7 the product is 35, add 0 the sum is 35 Mu!- 
tipl 35 by J the product is 35, add 5 the sum is 40, The two 
are 40 and 35. From 40 throw out 17 twice. 


last numbers 


1 V- 

40 

7 

35 

5 


0 i 

i ■: ■ 
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v ... -.- - 

6 remains, fri>m*S$ throw out 15 twice, 5 remains; therefore#,s^. 3'anifjcza (J, 

~3§5~^~~~ *** 6 ’ 17 “**6 = 23 is a tev va * u0 Pfy> an,: * 15 + 5 =: :20 a cones- 

sM»e of.r, 2 X 17 + 6 z: 40 is another value of j/, aud 2 ;< is 4 . 5.5=3 ;. 
a value of a*. In like manner we shall have 3X17+6=57 and Sxl5+5=s5G 
w values of y and ,r, and so on without end. 

Another E.varnpk. « i: fOO. 5—63, c=£) 0 ; c being + or —.■ Although in this 
case 10 is a common divisor of a and c, yet as the reduction would give a wrong 
value of y. Write a, b and c as they are, and proceed. We find the quotients 
T, 1 , 1 , 2 , 2 , 1 , Arrange them in a line,with c below the last, and 0 below e, 
in this manner 1 



mm 


m- 


1 

1 

1 

2 

a 

j 


: '6‘ ■ { > ' • 


IH 


90 

0 




jsP|$ X**t!. 

ShRmiI 


We MVe then 


i-tal 


HEI 


II 


1 X 90 + 0 r: <10 

2 X OQ + 90 ~ 270 

2 X 270 + 90 sss CSC 

1 X 630 + 270 ss 900 

1 X 900 + 630 ~ 1530 
1 X 1530 + 900 = 2430. 




The 
latter by 


two last numbers are 1530 and .2430, divide the former by 6S and the 
•y 100; the remainders are 18 and 30, 'therefore ,*ss»'i8 and y'sss 36 



;■••: f. ®K ,‘ 


TOO x 1 3 4 90 _ 


63 


= 30. 


■ 


+v !v ;rV,'^^J 

■ :, Mm 


Mm 


iSHil 


By another method. Divide 100 and 9^ by 10 , then a' ~ lfj, b ~~ 63 , c' s| 9 ; 
The quotients are now found 0, 6 , 3, write them in a iine with c' and 0 below; 
we have 

3X9+ r ~ 27 

6 x 27 + 9 = m . p’ -' , ■+ \ ■ 

ox 17i + 27 = 27 . 


mm 


wMmi 


gs# 


goMrat 
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mu e > 

i U<£ 



— ’ ' -■•-.uimuers are 27“ anr! 171. I mtu £7 tlrro^V ot*r 40 'tvirice, 7 re* 

Mains; from i 71 ‘brow out 6*$ twice, 4,5 rcnmins, The number of quotients 
being odd, subtract 48 from 63, the rehmtndei 18 is the value at j». 7 sub¬ 
tracted from 10 gives 3 for y, which is not the true value. To f\M:y correct, 
multiply 3 by tire common divisor 10, the product 30 will be the true value 
of u. 

.Another way of solving - Ute same question is tins., flmi a common divisor of 
h arid c, fo> example, <J. Binding b and c by <?,we have a M K)(>, |f 7, mi 
vision and anahge the quotients hi a Hue withe and 0 below, the 

■ 



ouotienis wj 


' 


P i ; 

... 


e. found l-i find 3, then 

3 x 10 4 0 15 30 
14 X 30 + 10 =: 430. 

troin 430 throw out 100 four times, 30 remains.. Here we liave found a,time 

value of y and a wrong value of. x. Multiply^ by the common divisor 9, and 

the product 13 is the true value of .r. This question may also be solved by first 

taking a common divisor of a and c. and afterwards a common divisor of b and c, 

7 


folio vrs; 


7 , „ 


Reducing a and c 


we have a 9 


rid b rr 63. Reducing b and c we 


m. 




10 , <3 5 = 9 , 

have a s=s 100, d szx 10, 1/ 7* Unite the red need numbers thus ; n — 10, 

b* «s 7 ; but c having undergone two reductions *, take the difference of the 
numbers arising from the two operations ; then ci ~ \Oy,.V 5=7, c'.=: -1, divide 
and arrange the quotients with d ;,ud 0. as above, directed, and we shall have 

2 X 1 4 0 = S 
1 X £ 4 1 = 3, 

for,.? and y, but they are both wrong, for c was re- 
2 must be multiplied by 9 the common divisor of b 
iplied by i(> the 


/<i 

3 ar 

id 2 are now 

found j 


tluced 

both with b 

and a. 


and c, 

and 3 must 

be mult 


value? 

will be x = 

18, y .~ 


d and b again and again to those already found. 


imon divisor of a ami c; the true 
of y and ,v may be had. by adding 


ZZ dt -• 

by p, then £ 
■ o 


., whence — — 4 sa$ now 4mde b atul ~ 


a 

P 


P 


by then ~ ~— 

I 1 $ 


• Taking diffwencs is only true in this ease, because/^ =5 e, and # ss j * 




v m 





e •subtraction must oe repeated, by wnicn means wc nave as Derore 
V zz 9. If c is — subtract the value of' x from b and that of y from *, 

••• - • au.lv = M. 

" 


x .. ^ and y ■— *.-■ —— -- - -• — - • 

arid we shall have again r zz \ 1 and v — -* 5 

m4 

: imbH 


Another Exmpk. a zz IS, b : zz 1i, c “ — 10. 

I 

tierits as before, we have 1 




S, Arii, c r — 10, Divide and arrange the <j«o- 
1 X 10 4" o pt 30 


V ••V, ;>'V v 

■ » •! 

From 50 reject 18, and from SO, 1 1 ; the remainders are 14 as 
subtract 3 from 11 and 14 from > 8 ; whence.r 5= $ « ? ud y — 4 « 


I • bv, WM& 

MiME 
. 


Another Evampk. a = 5, ii ~ 3, c ± -il. Proceeding w 

• 1 X S3 + - 


lave 


<2# 


0 


— 46’* 

K V ' 

As 5 can be rejected but 7 times from 23, reje 


t 5, 7 times t 
. ., . 


mainders are 2 and 11. .if c is — subtract Q from o tli^re ret 


from 5 there remains — 6. 

•»# • a 1 i t l.i * 


Here twice 5 mu-4 be added to — 
the value of>: and that the numbers may corresooud add twice 


7 is the Value of x, if c 


. 


than t>, reject b from c, T1 











■ lv 71 t*a 


H|R 9 MEn 

r-fto •mw'r&lotf. 

. 




* 

s plitce it witfe 0 under the lii 

i n — a - V V: /' 


WMJ 


.0 


\ rf 0 £2 $ 

4-,-S “■ 4. ■ 

^SiiSaBrTf 


jo true value of x and 4 which is. found-for the value of,?/ is fSoife Afe 
k.f C tM, tiic .’juni 11 is :lie tme yafa „f> If, : I, _* ^roct 
* from s, a„ fratl have 1 fa-fa value*,* which is right, and 
vlucoi y which Wrong* Subt mot / horn the- value pf y 9 
; add twice 5 to -6; and we shad have 4 the true value ot y. 


That the. numbers may ccriesponci!, twite 


i ( will he the true value of &<. 


- - - *y* 

•: 3 iiiusi in like manner be added to \, 


Another Kxvrniple. a ~ 5, t zz 1; 


naimi 

,-WW' ^ «- • ■' -Ml 

,. I ; place them iu a line with c and o below, we shall have -w 

a + o : „ 

, , . 

s X p dr 0 .= o ' • .-'\-AVv. Jji.t -Vt 
• > i . 0: X- 0 4~ .0 ■;, 0. 


IKPlSi: 5 

5 to 0, which stands for the value of y> and 13 to that which stands fee 


of A we have then y ~ 5 avid & ± 13. In the second case azz5,.l\zzl$, 
Aa b measures c, a? will, be found ~ 0 and y sn 6.>$;’fd the' valrflhof ■. 




•h is the number of times b is rejected from c, and this will give; 

5. Aduing 13 to 0 which is the value 


• or fy. 


1.3. 


ivei* rr 13> and add in g 5 fco 5 which is the value of y, y 

* = 10* ) f <.» &> J / : ' / ' / >/£ ’ / i , 




Sfliliii 
Wii 


JHIpli 


Anoth 

lie values of 
y and i froi: 


rod is to suppose c n 1 5 and proceed as above directed. AfuIt/ 





.lit! pit 

which will be so round by c, rejectuiff « from the vahu 
t.r, me remainders wut nethe numbers fee&vreds 

... .^ v#I;m 

a =: 221, h zz 195, czz.6$; dividing' these numbers by is, their 
»anon oivisor, we have a -zz '17, —■ kb, c “ 5, .cor .5 write one, and 
idim? the quotients as above, arrange them with 1 and 0 below, then 

49 ■' ' ' '‘V.'hV , vp 

1 X 7 ~ B ; 

Multiply 8 and 7 by 5, the products are 40 and 35 ; rejecting' 17 twice from 40, 

•... ,r;. 1 »-»'y ‘ • 1 .' :. 

a . . ' , *r ,Aj.< -'-'u: '4i'«- v --■ t. ! . • . ... •. L/M--i&'&u 

i,Ji. : • ' "C '/ ai: • 7. • *«cv* iff.”' • ' ■ • ; 

■■ V.-'-fr .' - V ^ ■ '• , 

• • 'k ■? M „• . • •• 

' 





* f ,Know tkmthe operation of the mulup>iQaad is of 
« as. if by the rule I shall have l>r«u*l* i, «. and any o 
.. remains^ by the bperatlm, «f «l*'.naiti|,« at 
“ vfUiclv have been destutyeddsfrorn that. which remains. 

u In the operation or the,innit;.niieapd of a mixed na 
- of another kind, and it is called the mniliplicand of a 
^ to determining iixe value of an unknown number, wl 

0 I- 

known aumjbipf, .arid. ..product .fed by a knp>\ 
mam a.known : abd again, it the s 

“ by another number, and he product dm< 
fi mainder,after division will be hhother uumt 
“ unknown is multiplied the multiplicand,-. 'a 
‘bdi^dr, and that which is left, after divi.skn 
<{ multiplicands', one divisor and two vetrtaiod 
“ ! 7 f|f|b\vs;. adu the two multiplicands tog'etl 
••‘;A44- the two remainders. and Call the' van 
^ divisor a,s it js$ then proceed iicOording to the rules wh 
‘ but the values of x and y must he subtracted from b at 
: l jwht, and y wrong,” 


thfnyeh.ainder. r»ere th 
srs. The method of sob. 
er and call, the sum the. 


* 3.t this place Mrs Burrow’s copy has . u anil besides this it Is of great, nse in detetm u'nig 
! *' Aiid hi life jnarigui there b: ;?.ri eiamniple-by (lie same co'mMeiitator, a^ji 

I-.gi it - .ai$ :««tai (>!•€' which’: come* tlmcjof ibis n|le; a star makes 37 v rcyoiuvions of ife. heaveaVai 
* K wights*; 'how .maiiy'wilf'it tiiaheiii 17 days ?” ThoS 1 Uie wijtfjt* goes oh to say the answer k bj 
3 ^ %$'&* Vlv.oh h got I W^ose'by.p.ropovtiotn'' Nrr 

.oietl by the rule. He theft giyes- ,11k; equation 


is jbUfld 


ana so on til 







~ 7 5—2, °0 a; =. i, 5 - 2=$=jr 

r ‘ u . . . . : . .■ 

*01’ tmik’piymg 14 by .5 the pvoujict. is 70, 
the renimmku' 7; and milnplvhuf 14 &< '10* 

««.,«iufcH intoned'' ' Ws *%U 

; 

^ ;,M 1 i ' 3 ^ f / f ^ " a,» Jk 

CHAivvr. 


:r On * the operation of m 4 u|t|plicntk>n of ,thc wjuare; aud that relates to the 
mowing of a square, suc% f tb|t when i t is multiplied, by a number, and to the 
•roduct a number is added, the sum will be, a square. .... • 

1 l'i this question then there are, two squares, oh', less and the other greater, 
tnd a TpultipHcari;? and an augment. From the maHipliejaiifcl and augia^ixt 
a, the two unknown squares are to be found. The method of solution 
s this ; Assume a number and call it the less root; take its square and «iu1- 
iply it; by the multiplicand, and find a number which wheu adfJcfi |d‘it..6i* 
iibtracted from, it will be a ..square ; then take Its root and call it the greater 
hot. Write on 'a- horizontal line these three, the less and greater roots, and tire 
umber which was Assumed as the Augment. A»ul again write spell another 
ne under the former so that every number may be written twice, once 
hove and below; then multiply crossways the two greater roots by the two 
ssa; then' titkfi the 'sum of’ the two and call it the less root ; then take the 
ectangle of the two less roots and nuLiply it i.?v the multiplicand, add the 


' n* 


Ibis chapter for the 
/*■*? ~e \ vhm /, t 
; and 3' — 


general ^olutivKvo! At l *f- a are* as $ta»o$t it* til*?. 
}> aw) g may be any i>unib«r^AvJikb will satisfy the ec|ita« 
$B* T h?n ao** Hr & — • y"* ; and 'making ,x u ss x l g .f >//* 
rj ami y l * ss. yg — a x[f t we ihai'e Ax '** 4* 

A blit In tfe first case the values of V'cmd/’ must be 

. > 'A, 

P< ir» this way, by 7 he cross multiplication of the numbers, new 
■as 1 aud ® ^ B ^ i€ ruieis t'hf same its Fermat 4 ? propositkm, ..which 
Ming new viilwes.of .f and ^ in the equation; Xti* •j+iseg*'* (See 


multiplied b’ 


Lord Brouncku’s sojution 






form the same operations ; 
,5V And another method in 
' the difference of the two 


this augment, that us, the augment of the opera! 
ig'mal augment, is what was required. Otherwi 
!V the square of an assumed number, ttja! the or 
net! If it is less multiply it by the square of i 
irigiriai augment Jhay beob'ained. And that thpy ; 
use divide the greater and less roots., by that assum 


mm by the same mu: 

mime a number and 

. ; 

J&W. - 4.*. 1 


its double by. tJ 
will be obtaiue 


.rare, the less 


he greater 
° 


■mm 


* To^nd * and.# m that.&r* + as y'\ Suppose / ss'i, arid »/* 
1 4*3X is?s6ss:jfr t ' ^ X3i^$X'5l5s;J,.7'sj^jp ixlsr.1 the augment 
occasion to carry the operation farther. &x 3t> 4* i ser. 289 rs 17 1 
1 X 6 X 8 -i* 3 X 17 = 99 -~;y* 1 X l 55s 1 the augment. 8 X 35 *1H- 1 
iriav be fopiui • 


i being the original augment t 
For new values, 3x64*! X 17 
fe ,9BCH zz ( J9\ lit bkc manner u 












Multiply the two'greater- roOl$-ct*os; 
“ was before ; add the two, it is 6 , and 

S “ the two less roots, it is }, Multiply it 
" angle of die two |fbater rraitl, Ahat i 

u ginal there is" no occasion to work to 
" '|H7>ed is 86, which multiplied by 8 is 
"is a square whose root is n> 

“ dittoes. Below the-less and 
"greeter roots and augment w 
. ■ VVfa$. • ^ ’ > W&'h 


,s the less root. Take the rectangle of 
8, it is the same 8; add it to tlfe reet- 
rt Is dr, and this 'is- the ||mi.fer rb'dt 
t Is % As it is according to the bn- 
5 original augment. The-square re- 
i adding i it becomes £89, and this 
fvad a number under the same con- 
greater njots and first augment, write the less and 
hich have been obtained .by the operation, thus: 
.-it At. ’'-d tv S/ M§ 


mm. 




crossways the two greater and the two less rogts, that is, 
it is thus : 


Less 

" nm W — 

AugmenV 

.1 j is j 

i 

1 « | 17 j 1 


•--f .-r~~- 

l.ess> f Oseaici- 
’— _ -L . . _ 

Augment j 

1 3 

. ......-rrr- t - 

i 


















a '4 wmmmm mwf a 

i w$f ' f® t }$„ ' V ‘ 4' fa \ 4 ■; .\ t 'f ." 

§\v|»; - V, w) :4- V ' ' ‘ ' ■ . 


SrT" y >iv 

IT ?•'.* rd,: 




iH 


UM. 


sES 


i m 


«* angle 4^fl P roots; U i$ f>. Multiply 
“ p^luc, vUich» «■ «>. tlK- of tl,,. 

v “ h $ if. 'M$t$ 99, and .Urn ^ the ■grower root* 
“ migments; it is the original augment; t'of 

w ,., ,... O ;«• „,;i! i<i n&ft i . ,,t.K t 


the 


“ »s multiplied hy 6> it will 
“ root of which ism fo il 
“ nutter be few the iwo iop 
“ the ope vat ion. h perfb;mt< 
11 be obtamed. 


w 


\V i , 


i! 


the. two;'rout 




W$M 


Wt 


&.:;M 


Another Example. JhWhat i 


‘‘’pul tipp its square, which is 5. hy |h| it i« H, 
“subtracted fionvit, ' he «$pafode$■ 'ill be a squai 


; tip product increased by 1, will 


r r 


lied by ] 1, and 
the less root, and 


,e greater root. 


which being 
wmw ...,asber : fcc'S i' 1 this 

“ then is the negative aug-iiient, and 3 which is the root 
“ Write it thus : 

A >: ■Erri : A- : l: rV; s';". a 'Iff ■ 

T im-mA, 




y imW! > ' \ i m w M $ 

vv .... ... , j ■; . S' S 

■ 


1 I : 3 I 3 < 

_ ' : .; ■■■' , ' j_____' , ' x ^_ 

' - ; - '1 ' P I y 


~ ~ ~' ? y' i . X ?-' * 

_ 


_ 


>f? i H» 1 ^* i* >>^ ^ x ^ “T ■ • d. * ^f' 1 ' M i^ <v 

• m a 4. I SnppOBC/sr- J aiKi rj/ 8 '—* 


*fr’’ v • r‘‘ " 

lx lx li.+ lx 3=#fe! 

i ,’liiWMllBlilW 


7^0 ^ 2 . x ' 

• ' 


i ~ -h l-t Uie 

.,'. 4’ ' y-Vs ■ b'4’ '•, s 


\' l M SIBwilRi^ . I.HIHRHMRH iP«PPliPPIB! 

Therefore ^ p 10 » jsw 3 For 11 x ^ Hr- 1 sk .'00 



Another way. Sup pose/rr. 1 and U,/*-^ 531 Q*. tet 5* .U k( X«J + f?^ |XH; 4 X i =?; 8 ^'Vt, 

IX lX-11+ * X i 27S X 5 the augmenu saftu i i x' ( ~ V ^ 'l ass (M) , 

» • 3 ^ 5 / 25 \ j / 


v *• jd .•.»*j* i ^j , 7/ \ 1. •' i"' tt'•• r «* ' 

Fot-iiew values, lOV^^ax T = = a?* 3 x- X Sl + 10'x —'V* IX'i — b the augment 


t , /ie \\^ 

H X (rr-) Hr 


283i36 


• v 1 ’■ O’] 

\—V . ^7 the setojud method r - 


I 80 I 


>v ^?L 0 j ^ 24^ 6 _ 


1 the aagmfet, 11 x (jJ J + 1 ^ (j*) % way other values may heionocl* 


IM 

. 




Mmfflnfinmfri 


dni i 




WxT-'" A.'-'k 

MwBdmm 










' ■ greater root. Take the rectangle of the : 
**■ we have found a number such that when r 

“ formed the operation ; I is obtained. An 
“ is 20 bv 2, 10 is Che greater root. And i 
“ root, for if the square of 3 which is ,9 h 
“ when -we - add 1 it will he ! 00, and this 


:bod is»< suppos% 1 
ad 5 which being a 
,e grea ter root, this 

■“-r~ 

Lass - : t 


il. WeJir 
h U is .1. 

V? • 


“ After multiplying crossways,'add the two rectangles; it,is 8, and this is tee 
“ less root, and the rectangle of the two less ; which is l we multiply by 11, it is 
“ 11; add it to the rectangle" of the two greater which Is id; it is 27, and this is 
“ the greater root. A id from the rectangle of the augments, 25 augment is 
u obtained. V T e have found, an assumed number -5, such that when the.aug- 
“ meat is divided by its square the quotient will be 1. Aud for correspondence 
“ we divide 8 by 5; 8 fifths is' the less root And tve divide 27 by 5 ; 27-fifVhs 
“ is obtained for the great e* root For multiplying the square of 8-fifths, that is 
“ twenty fifth parts by ih It is 7Q4> .'twenty fifth parts ; and -1 integer that is 
“ 25. It is 729 of the aouvementioned denomination. And to And other 
* ! numDei's under the same conditions, write the two rootb ami the Other aijgmbiit 
“ below these two roots and augment, arid that is ou the supposition of 3 and 10 
“and i, which were obtained before, thus; ■ 


'TST: 

Ci renter 

Augment 

» I 4 

_ L __ ^ 

5 

i . 

f 1 4 

.. j 5 ; 


$ £ ' 












“ The operation is finished. 6 
“ 2$<)3l . twenty-fifth part® h,r 
is 1 integer, it is 23515 


Jt IS 38513.1 t vv-aity -fifth parts r add 35 
" the sciu^e o^aSi-iiftlw 


“ And by the second method. After multiplying crossways* it is 8.1-fifths and 
‘* 80-fifths ; the difference h l fifth, and this 3-fifth is the less root, .Multiply tht 
“ rectangle of the two less, which is*24-fifths, by 11, it is'264-fifths j and the rect- 
“ angle of tlte two greater is 370*f' th>. Take 1:1c difference ; it is 6'-fifths ; and 
“ tins is trie greater root j and t integer is the augment, ihe square of 1-fifth,, 


“ which is 1 twenty-fifth part, imritipli 
“ it is 86 twenty-fifth parts/ the root of which is 6-fifths; and In like 
“ any number which is wanted may be obtained. 


bv U; is tr twenty-fifth parts; add 25, 

manner 


Ife 

'&,]■ V. 


E f i’amp.h. “ Let the first question be solved by the third method : Suppose 
“ 3 the less root, and take the difference of its square and theonukiplicaud which 
“ qs 8 ;■ itw ; >w •JQtiyid.e twice, 3 by l ; it is 6; and this is the less root. For imd~ 
“ t(plying -the square of,this, which is 3 6, by 8, it is egg ; add 3, is is and" 
! this is a square, tire root of which is 17 ] and t.V Is die greater root.# 

“ Another method., is what is called the operation of circulation f- To brine- 


■SX3 
a — s 


-V, 3 x 58 •+• l as 2SS = 


* "rc> ? ‘jolvc the fof t’uestiorV by the third method. 5oppose r: 

IP. \ * v , ■$;* 

t :j j to naJ:e t0 go fouocl, from j £ to go round, this rule h, supposing A# + .B=y a . a and 

being given to find * and j by the operation of circulation. Find A J 5 and g so that sp -j-,3 sr g* Suppose 







■ fuJSB the less ami greater roots aim me augittem,- _ suppose; r,w«a,.„ot the 
.. divkle„<t; an| the augmeot the |WW,*= 


' ‘ dividend, and tne augment. mi© «*>«>".? »?.? : -T , -., v . r 

« Thrv by the rule of r.be multiplicand which iff^sed, bring.: *t ^utoplr- 
« raP(i au a the quotient. Tf that number;by which the questioner muitipbed the 
« S q tt are can ire subtracted from the squire of this muli iphcaud, kt it, he done ; 
« otherwise subtract the square of this tnultiplicand from tiftt. number or the roul- 
"tiplicaml. If a small number remains, well ; H not increase the- mu Aipt- 
« cand thus: add the divi or again"and, again to the imiltipticaad as before 
“ explained till it W so that you can subtract the number of, the muUipti- 
“ cand -from &e square of it, or the square of it from the number 


r of 


( u wi „ ov uctiv v> i># w . Square; (M it. ■%» ,, 

u tiplicaml. Whatever remains we divide by the augment of the operation ot 
** of the square, and take the quotient which will be the* augment 

«, of the 0 ., cra ti 0 n of multiplication of the. square. If then we shall have sub- 
“ tracted the multiplicand from the square, let the quotient, remain as it is; and 
f ‘ if we shah have subtracted the square from the multipli.ca.ud it will be contrary, 
tt |.s r j '{$ if negative it w if 1 become affiririativev fct*4 if .affirmative .negative ? and 
“ that quotient which , was otuamed by adding the dividend to the quotient, as ' 
«, aauy t i m es as the divisor was added to the’multiplicaud, will be the less root; 


/*'. + g ~ v and froro r.!,c kfovn numbers f, g, \ find x and. V by the role? which have been ||». If x* 
. f t k „ <)r if ., ot Jg A __ || If a squill number remains H is well, otherwise take multiple* 

Ji ll Ll add found- value of.% for a r: value, till we have i(mP d< x)»-- a, or A - (w<5 + X)“: 

divide thisiby-0, and if the souA has been subtracted change the sign .ot the quotient 11 uistead of x tne 


Ai v \<u thVi bv a aw if tne wtafo has oeen svwiravwu tu*. -t,** . • 

M «* + x haa beer, used a corresponding value of r, c/+ * mast be taken: by rohsiitutmg these value, as 

, . x*m A p«s 4 - ^ a — j a tilt solution of this equation 

follows. v 1 , or »«/> Y »f, ana —oi- j -- #> m - ‘ 1 


. 

J’-HfeSl If# is neither as i. nor to B^nor to-J prdg$|& before. Let a/* + fl'-a «** * a solution 
of a *' 5 + (trs3/^ where/’, S' and y are known, btippose sst .V*: proceed as before, and Soini.ons 


IS##: 


•-.vili be bad for fl ' 1 and m like manner for J* + 0 = / till 3 fe found s » or. xp* W,J. 

^ . ....... ‘ . / X J./H ■■-V-- A ... 


T 1 Urs.fthk is plain, forasx'^^ood. wehav,,^-# =a {^y |||| 

.... (a / 8 -M)xH % X y A ,( ig»-.-s>, but Jvis, and y* — 0 =s a/*, and therefore aV + 0' r» 

is ^ ■ ; fit 


J rJj^M..±Ja 1! which is ss (d'J-^)’s=: y*. This rote, (hough in some respects imperfect, is ip 


m foWrvBi 

I v m 




ill 


& * ' j _ r . ... 

principle the same as that for solving the ^roiileni in infers by the application W continued fractions, which 
was first given in Europe by Dc La Grange. 

" . 









*' and 

: 4 m 

“ a xiumbe 

u the ori«i?oa 

otherwise. if* 

- the aw manner , r 
H as&ktn m the same.manner 
the augment the divisor « 
-re till the original augnur' 


Exmi>& “ What square is that which being nmlt.phed ny u/> an 
duct increased by i, will be a square t as suppose 1 tiie less 

'' ■' 1 ■’ ^ ’■ '■** ‘ 1 ■■ W >; • 


» I Oppose It should be i> p* oft- . I iliuik U 

ns to 'Mate, to integer values Only. 

>■ , \ ,,3 SuBoase /as' 1 and ft's: — '.’3., then 67 X 1* —3 

1 6U 4 ^ P ‘ ' t % .+g . lx + 8 

where/s: t and & as - 3, and g aa 8 . Suppose —£ = v ; that';.v ,* say, —g— - 

g we have a -* X3« 2 and work. for x and v in WvWc 1 by 3, as dim: 


ifek U likely that thisdcc-s not form a part of the Origin*! vale which 


□ css 64 css; 8® f we have now 


v, reject twiefe # from 
t^cted hi the last chapter. 


Th 

tr 


we have *X 3 xr 2 ami work for x and v lit e* ^vuje i *>y ■>, - ^ 

v ,«*»i. o. M» under a * am! 0,' „.M . » , aid v = 0. Tte Mter of ,«<d!c,.t,.tain, odd, .»!>• 
I,.ha ufefrSm 0 m#**, <*>.< *-«■» 1 = «rd-.».-». » g* «9»~ Mo 


ict the value of, from ft and -.that otg.tmm/. » ****** ” =■ — *• *.. 

g, add 2 to the value of v. ' + 2 ss3aaY we have now as i and y *»3- As we raimot anur.x. o7 fro>. , 

anda^.gre.-termnnbvr wilt iemaindfw. overact 1* from 67, add tun * ft to * for a new value of x, iXH 
I as 7 sa x, and for a. corresponding value of v add twice / to v. 2 X 1 4* 3.= ass rA — «* ®* *?• — ‘ "~= ) S * 

-o .. ... , VL n> „..'It - ../ 


, : .L ,„.g v As we have ttihfiii x — x* we must change the dpa o?— $ It become!. -I- «s. ft, ai o Y « x', . 

have mi v A*- + ?c/, where a =s 67. ftss 3, and *’ss5, whence s It. Since a == s and ft« <5 wepr 

a „ TiiuHim laKSiiS 


J ]>i‘o 


„m:«. =41.M,kc’i±!l a ,... ., va . wU 

V, Ilil'x ion II a e, am! aUiM.|rik> 

' ' . ' : " : te , 

v __ A - :C?' or 67 — 5* *= « ; ~r s* 7 *z ft 1 .. As 

.... # a 

mast changed, and — !— ?f, and. i I ss v* ss therefore a* - ft as. 
y"% and / s? 9,0, If not nemg == a we must proceed as above. Let a/ ' s + ffxsig'*, whereJ — 1, » ssr — 7, 

and ~ pOi Make' reject 7 twelve time!-; from £> 0 . SO — 8 d =. 6 , we shall (sod x"ss !2, and 

y'sslS. Subtract /" from the bailie of r' arid T from that of >:\ 18— lias 7 as*-, H?—7ai{: 

.< 1 . ■ is • -r i i.ni s'a/lrl. jnKlwt'* i ii* c f . ficbm / ''imd ic 


ceeii 4o llnfl ft = ft 
find jf'.ss: M. aml y'ft:-! 
sanie miinljet of ti m.c^ 

we have taken a — x 

3 $V ami / r.r 90, ^ 

. ■' W t/MM; 


act / " .TVEU: lire "YmilAT ui x aim r X ~v.. - ' 

The nuiab?r of quotients in the division of H“by 7 being odd, subtract file value c f y" from/" and that of x" 
f T ,,. /y 0 t J • ..fj r>:; . 4 1. yf # 7 -2 3gx< As we e^m»ot take 67 fynt ft 2^ and as a greater mimber reniailj^ 

i|we subtra.^| 2’ from 67, add P’ v once to x ,y for a new vatoe of r.% 7 ^ ® ^ x ‘ i a, o/ 9-^67 =S;^.. 
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iply it byb7,,it Is ,67. Find 3- the i-vn.wtv of the augment, winch au h- 
racial from 67 will leave a square, that is iU 9 .the root of which b 8, and this 
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^ cV add & to the quotient* tbc, quotient’ }s-S and the' multiplicand- i.. ' As wc 
r car not . subtract 67 ■‘Which is the multiplicand of Hie operation of mutHpijfcation 
‘ of the square from the square of this ‘ miiUipHcand, and if we subtract' (he 
u square ot this i;om 67 /a greater iuunber remains; from necessity we add the 
* c divisor, which is 3, twice to the . multiplicand I, it is 7 ; add the dividend to 
!: rhe quotient it is 5. Subtract: ;he square of 7, which is 4£), ftom &, 18 re- 
mains. Divide by the augmentof the operation of multiplication of the 
“■square, ^hieli negative is the quotient. As the square has 

“.been subtracted fora the multiplicand -the negative - "becomes eoutrary ; it is 
affim.va.the, and this is the *augrnetit; and 5, which, was the. number of 
u the quotient, is |he less root. Then bring out- five g.vt'at.er-gq.ot,. fixup the less 
u root and the augment, and the iimltijdlcr.iid 67, it is 41, .Write,-them in order. 
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As 6 is the augment of .the-operation and l is the original augment, perform the 
“ operation again to fiad. the- -original augment:' that is to say, suppose 5 the 
“- dividend* and 6’the divisov, and 41 the augment, and perform the operation-of 
1 the.multifhieaivd, the multiplicand is .found 41. and the quotient also 41. Sub* 
“ tract j. the dividend, 6’times from 41, the quotient, li remains; and subtract 
‘‘fitbe same number of times from 41," the multiplicand, ,5 remains; tgfce its 
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<! jfftuare, it is 25 : subtract it from G7, 42. remains. Divide it by 6, the am 

“ 7 %,the quotient, am! this is the Augment. As we subtracted the square 
« multiplicand'from 67, it is r ntrary ; 7 then if the' augment u'fgat , e ; and ' 1 i 
u ■ which■ duotient, the less, root: bringing out Mpe greater root,, it ts 90 . 
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I u bel.O.w that, and multiply crossways in both places. From one cross nmUiptica- 
fC tion it is 5967, • add these two; 11934 as obtained the less root. And the 
“ greater root is $7GW, and the augment is -i affirmative. We have found 2 an 
*• assumed number, by the square of which, if we divide this augment of the 
“ operation, the quotient will be 1. which is ••tie" original 
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JfOlhcr Example. “ Vi'hat square is that which bctu|f multiplied bv (>, and 
‘ S ■■ u ,Jl iCj f!u product, will be a square. And what , ujnbef is that v.dndi 
^ being mtiUi.pliecI by 6 ;Vml is added to ihe pimluct: will be a squiref. Tb( 
||___| operation m tire first case is thus. Suppose 1; the less root, am! multiply by 6' 

! is 6;. add 3, it is<)3 and this is a stjuaie. And for the Secondcils’eAhhis 
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m Af f r= ^‘) is assumed is 5 and?* =z .7S. 

Annthfir ■Ktatepie,-*' £< 3f)0 being the augment the less root: is 10 ; its stju 
>0, we,multiply by 6, it is 600. Add 300, it is 900; and this b 
> root of which is 30. And know that when the augment is great 
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and write the qtiotiefetdn two places;" and m one place 
:>ther subtract from it the assumed number, and halve t'J 
number will be the greater root. Divide the less by f 
icarul, the quotient will be the less root. 


What square is that which when, multiplied- by y, and 52 added 
t, is'.a square J. , What other square is that which when multiplied 
added to the product, is a. square. Tn the first ease divide'52 by 2, 
treatwrite it in two places and add and subtract Q, it is 28 and 
es are l t 4 and 12 ; 14 then is the grestter root. And divide the less 
!> is 12 by the root of the'- multiplicand which is 3, 4 is the. .quo¬ 
's is the less root ; for when the square of 4 which is lf> is multiplied 
44; add 5% it is 19 S, which is the square of 14; and in the 
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“ Another Example, when live multiplicand i$ equal to the augment. What 
“ square is that winch being multiplied by 15 and 13 subtracted front the product, 
u and in another case.added to it, will be a sqnarq *, In. the first case suppose 
1 the less root, its square which is also 1, we .multiply by IS, it is I3i subtract 
“ 13, .ttieir remains cipher, the root of which is cipher. And in the second case 
“'suppose 3 the less root, take its square, it is g ; take the difference between k 
■“ and the augment, 4 is the augment. Divide by it the assumed root which is 

“6, it is'6-fourths, that is 1--, and this is the less root. The square of tins 

“ which is o.fourths we multiply by 13; it is 117-fourths. We see that adding 
“ 1 integer, that is 4-fourths to‘this, it ts 12,1 -ibimhs, 5 arid this is a square, the 
root of which is 1 i •second parts: the less root then is 3-second parts, and tire 
<f greater root is 11 -second parts; and the augment is 1 affirmative. As the 
“ original augment is 13 affirmative, perform the operation of cross muttk’ 
“ plicatiqn with the former which was 13 negative! thus: First multiply 3-second 
“ parts l>y cipher, it is cipher: and H-second parts by J, it is the same. 
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(Mere are' two ov three.errors m the Persian: A .case' of ak 2 +* 1 
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“ add tlwm together, it is 1 1 -Second parts ; and this is the less loot. Multiply 
“ .3-sceoiu) parts by i, it is the same : multiply it by 13, the niititiplicand/ 'it' is 
“ 39 second parts; add it to the rectangle of the ttvo greater roots which is cipher, 
‘ it 3s the same ; and this is, the greater, root ; and 13 is the augment' negative; 
‘ as it is not the original augment, for IS affirmative is required ; again, suppose. 

■ . i ' i j 

‘ the less root-, rnd the augment. 1 negative • arid emit;ply •— which is the square, 

‘by 13; it is 13- fourths. Subtract 1, that is 4*fotmh»» the augment negative, there 
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!< the less root is''S-fourthi', which is 18 integers, and fhj t gi eater root is 250- 
“ fourths, which is o5 integers, and the augment is 13 affirmative. 


“ If we would perform the operation of cross multiplication tahe the dit- 
“ fcrence of the two, which are 3.9-fourths, arid 33-£<ratths, that is ^-fourths ; 

(i 1- is the less root; take the difference of the two less, after multiplying by 
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n live, arid the product increased by £1 will boa square % Suppose 1 the less 
“-root, and multiply its square by & negative it is 5 negative: add 21 aiBnna- 
• tive^ it is 4 then will be the greater root In another way. Suppose ,£ the 
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DN THE EQUALITY OF UNKNOWN WITH NUMBER. 
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iutWdi- is not known in the question, and it is required to bring 
“ it out ijv 'a- method of calculation, suppose the required number to be one 
“or two Unknown, ar i uutver\ the conditions qf the question in- 

" volvo, and proceed by multiplication and division, and four proportionals ant! 
“ five proportionals, and f he series of natural numbers, and. the knowledge of the 
* si(1(: ^"Om the diameter, anil the diameter from the side, that Is the figure of the 
■ bri i: ; and th knowledge of-the perpendicular from the’side of the triangle, 
“ and conversely, -and the like, so that at last the two may be brought to cqua- 
“lity. If after the operation they are'not equal, the question not. being a Bout 
“ the equal it) of the two sides, make them equal by rejection and perfection, and 
“ make them equal. And that is so, that the unknown, and the square of the 


unknown of one side is to be subtracted from the other side, if there is an un- 


known in it; 


surds of the 
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if not subtract it from cipher: and subtract the numbers and 
other side from the first side, so that the unknqwn may remain 
“ on one side, and number oh the other ; the number then,''"and whatever else is 
<f fournl, is to be divided by the unknown, the quotient will, be the quantity of 
tlie unknown. 
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• l.i the question involves more unknown quantities than one, Call the firs 1 
“ one unknown, the second two unknown, the third'three' unknown 'A»wi in 
*'And the metbtx; is this. Suppose the quantity of the lower species less thaif 

1 j iHj | i 4 •, ■; ;.■&. 1 




* Tnere an,; marly parts of the rules given in the reih of t.«e Work whici. 
arc obscured' probably by 
as ! can from the Persian, 


s ot the tales given in the,, resi of the Work whici? are ■ unintelligible ; to me: • they 
tlieerronoftranscriheis and of the Persian (tw,slater.—! translate them as exactly 


* Tb«'Arabs call- the47.Hr proposition ...of the first book of Euclid, “the figure of the bride.’* t do not 
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•0 rupees and 6’ horses; and a 
and !00 rupees debt; and the property of the 
.ftheh„,4 is live same; what then is the value of „< 

* »». tlma the .property of the first per 
oj\s;.m and 153 rupees ; and the second Las t 
property of both is equal; what then is t 
e or one of the horses Or, m the first question, the property of the fi 
■‘ Person is three times the value of that of the second, what then is the value oft 
“ horse? The operation in the first question is this: I suppose the price of a ho 
“ to be the unknown ; 6 horses are sis: unknown. The first person’s property ti: 

<l is S00 rupees affinnative and6'.unknown : and the property of the second is 

d' rejection and perfection. I 

make them equai In this manner: 
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“ First! write them both, above and below, and I take 100 rupees negative 
300 rupees affirmative, it is 400 rupees affirmative, and I take {6 unknown from 
“ 10 unknown, there remains 4 unknown. 400 rupees is equal to 4 unknown. I * 
divide. the fitst by the second, 100 rupees is the quotient, and this as the price 
oi a horse. X ire other questions produce also simple equations, in which nothing 
remarkable occurs. * 

ihe second example has three unknown quantities .with only one equation ; it 
is solved first by assuming the unknown quantities in the proportion of 3, 2, and 
1; and secondly by assuming them as f, 5, and 4. 

, Iu thc third sample the Mussulman names, Zeid and Omar are introduced, 
ihe icnutii 1 and fifth examples , contain nothing ‘worthy of vcVtice. 

i be sixth js as follows : «« A person lent money to another on condition that lie 
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t<‘ok from him the 
F thd i n terest 'from 
ion that he should 

id after (he same time had passed, as in the former ease, 
opal and interest, ami this interest was equaf to the first 
ici. hc.knd. to each perjcra, ami what was the time for 

* wbjcj'i the money was lent * ?■” . \ * ' w- .< 

he first principal is supposed unknown, and the number of months during 
vnich it Was lent is<sapposed ■>. Abe question is solved by the rales of propor- 
ion and a simple equation. Another way is given for working this question, viz, 
“ Divide the interest of the second by that of the first, call the'quotient the 
‘ multiplicand, and suppose a number the interest for the whole tune and take its 
‘square, and from the multiplicand subtract 1, and divide the square by the 
1 remainder; the quotient will be the amount of the second sum, and the second 
sum multiplied by the multiplicand, or added to the square of the interest of 
the whole, yVlli be equalto the first suns. 

The next question is kite the preceding, and is solved by means of the ride, 
pasa over several other examples, which' contain nothing new or remarkable 
question jh wemnvatum. comes next. 

“ There is a triangle, one side of which is 13 surd, and 
and its ara J direhs , how much is the third side? 1 
unknown ;. the side 13 is the base. It is known that- w: 
is multiplied by half the base, or the base by half the pc 
duct will be the area of the triangle. Here the base anc 
and the perpendicular is unknown; I divide 4 which is 1 
of 13 surd ; the quotient is the perpendicular. I perfori 
As 4 is a number I take its square 16', for the division of 
is impossible. I take iwlf of 13 Surd thus: I square 2, 
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In the next questit 
One of the segments 
•rom two values of 



otnemises of the 

right-angled triangles. and their bases, an equation is formed ; from which t 
unknown quantity is Brought: out. The equation involves many -surds, and 
are reduced by the rules laid down m the introduction. The perpendicular i 
found by taking the square root of the difterefiCe of the squares r fa segmen 
the base, and of the adjacent ’aides of the triangle, The operation is here c 
eluded, la a marginal note are directions to fiut, tfe. » area, ns la flu oitfg 

The next is, ! What tour fractions are those whose denominators are equal, and 
“ whose sum is equal to the sum of their squares. Also what four fractions are 
“ those, the sum of whose squares is'equal to the sum of their cubes,” For the 
first par t of the question : 44 Suppose the first fraction one imk nown, the second 
the third-- three unknown. 
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two unknown, the tim'd three unknown, and the fourth four unknown, and 

fetes sxteSw. ... toknowo , 

unknown, 

“ and'these two quantities are equal. Divide Both by en: 

“ are 10 vmihber %d;30 iirik^fmvn. Divide 10 by bo 

“ 4 of unknown, 'the first fraction then is the second 
* - 3 - 
‘ the fourth <|i and the squar.es of these fractions ■ 
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s 2?. ami tbit it equal to i?." lit tin? same manner lire 

8 9 '. , 12 
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ext is to find a right-angled triangle, - tUfe area of which % cuual to its 
uypotnenu.seand to find a right- angled triangle, “ the area of Winch is equa 
•< to the rectangle of its three sides.” For the first part .of the problem, one side 
>f the triangle is assumed equal to 4 unknown, and the other sole equal to 3 un- 



The next problem is, to find two numbers of which the sum and the didst 


tercnce 1 


a lie next pjuuicui iv uuvl w w 

■ shall be squares, and the product a cube. The numbers are supposed and 
4 .r\ and the cube to which their product must be equal IOWA whence a- is 

The hext is; to find two numbers such that the sum of their cubes shatfbe a 
• square, and the .sum of their squares a cube. One number |s supposed .,r* and 

the oilier &r\ and tire cube IS&r 1 *. In the solution of this the following 


U1V Ul ll^r ' ’ *.~ . . ^ 

passage occurs t “ The cube of the square of unknown, which in Persian algebra 
«• j s termed square of cube.” In the margin is this note: “ Here is evidently a 
“mistake; for in Persian algebra the unknown is called thing 



“ and its square (x^) square (JU). (literally possession;) and its cube 
“ (■ cube (Lsxi *) and when the cube is multiplied by thing, the 

“.product is called square of square (JU JU) i « h ‘ ;n che «P iaie of 

'* square .is multiplied by thing., the product is called square of cube (e-.-.xP JU); 
t< a;iC j w l lt »n the square of cube is multiplied by thing, the product is called cube 

. „ j % i -s -1 \ _ _ _ . ~ ■ ; 1C :. ■ 


of cube 


-x/ not 


square of cube. For example, suppose £ thing 


• 4 is its'square, S its cube, 16 its square of square, 32 its square of cube. 64 its 
< cube of cube, not its square of cube, although it is the cube of the square 

mmdMm. 


u. f 


iA i^t£ssU}, or the square of the cube 
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the next example the thm* sides of n triangle are given,, and t 



* Sum of the cubes -y f + - :>* 6 (a sqiiace); aad the. sura of squares’ss x* + 4*> as 5**, assume 'this 


i 125* 3 , or 5t 4 


Whence 12E 


■a'iSil Vas^?-5 5 therefore G %5 and 1250 are the numbers 
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* Let ab spi 10* D&te 15, Bt> =35 20. 

. By simiiaV triangles bi* ; bp :? do : pg, 

BD : pr> :s ba : r&, 

whence bp : PD ba : DC, 

* , . " ■ •:; • 

thertfore bd It? divided in p in the tfsUo o|oc to ba 

By composition 1?+ i j t> : bp :•* ba**- dc : ea; but up 4 
the ratio of »d to bp ;%hehce, by the first proportion, 
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UWJttllu , . ,. f m . r _,,. . ba + x>c V BA* ^ ' ram' a .fourth 

proportion^ to b a dC% ba, and nc, v. hutevcr be the length or bd. 

Lucas tie ftingo Ins this proposition, (see hi* Geometry, p. 56%) -where the lengths are 4, t>\ ami 8; or page 60 p * 
whore they are 10, ii, ami G» Tfie same w ia Fyzee’s Lihvati, whew the rates are 
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AB + CD 
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; ascertain these two VfB^ntlties 
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mother method, and that is the ratio of 35, 

... An :,. iti.'U *:...£• ,Vi.. 
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<r (mat rs the stun of the two sides) to 20, is like the ratio of I j to the unknown; 
“ that is the quantity towards the side 15. Multiply 15 by 20, it is 300. Di vide 
“-500 by 35. it is 12.' The ratio of 25 to 20, is like the ratio of 10 to the unknown ; 

ty towards the side 10. Dy another 


“ the result is 3, and this is 


A'.>2 «•? 

e qua 


*‘ : ihethdd j by lour proportions! , we u;ul that the -atio of. £0 to 25,5s like the 
“ ratio of s to the unknown 6 is the result. In like manner' the catip of 20 to 
"10, is hke that 0: 12 to unknown; again 6’ is the result. Another method is. 


again 6 


Another method js, 


" divide the rectangle of the two sticks by the spin of the two, the result is the 


“ quantity of the 
H 0* 


antity of the perpendicular, and the quantity of the ground we multiply by 
Ai side separately', and divide both by the sum of the sides. The two quotients 

(liar to the bottom oft.be 


“ will be the quantitie 

s from the plat 

“sticks; accordingly 

divide 15.0, w 

“ 25, the quotient is i 

>7 Multiply 3 

“ by both,sficks, the 

.. 

products are $ 

“ are l£ and. g, in 

this 'manner 

“ correctly as if it wer 

e measured, 
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0 dtrehsy winch is-the quantity of the ground 
00 and 200. Divide both by £5, the quotients 
the figure may be found by calculation as it 
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“ are equal, and by the eq,,... 

“ will be obtained. Take the roots* 


“ her by the root of the square 


amnution of t\y'o equa 
> and after equating dh 
that is by unknown ; the result will, 
ility in the cube of the unknown, 
-he operation in the thing and cube, 
ie found, nor be brought out by rule, 
“ in that case it can only be obtained by perfect meditation and aquteness * 


be what was required. And if the 
“ or tire .square of the square, rha 
“ and square of squate, if the roo 






■“ And, after equating, if the two skies 


are not squares, 


method of making 




‘‘ them squares is this. Assume the uumber 4, and multiply it by the number pf 

■i' 


“ the square of the first side, and inuitiplv both sides bv the product. And in the 
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* to the end of the rgtc Mr, Burr >w\ copy h as foliowsAitd if in *he side Tvbich has the 


' unknown there is a number greater than the unkuo tf i!p mimbef h atfirmaiiv" make i* negative, and if 
“ negative, two numbers vdl be found in the conditions retired, aud^ihe way to fend 'the im-timed munb&* by 
14 which the two sides should Ue nufUipUecj, apd th^ number to fye added* is extremely easy; tor multiply the 
** multiplicand of the number of the square of the .unknown by 4 y and Jet the.B.qtiare of the numbers *6f tfye wit* 
u itoowii, of th* side in which there is the square of the unknown, be the vidmber added/* 
















1 ('"* 

« Unknown and Ht 2 squn, *c of unknown'/ that is •— of I square of unknown. 
9 9 

«.«and a units, ,is equal to 2 square of unknown. I perform the operation of 
• equating the fractions in this mano X multiply both sides by 9, .which is the 
“ denominator of a ninth ; id square of unknown and 9 unknown, and 18 units, 
<[ is equal to J 8 square of unknown. X equate them thus : 1 subtract id squa e of 
« unknown of the first side from 18 square of unknown of the second side^it is 
|-' ■ ' <2 square of unknown affirmative; and in like manner I subtract .9 unknown of 


US 



«<tive and 9 unknown negative, and the second side is 18 units^tffirmative. In tins 
« example there is equality of square of unknown, and unknown to number; that; 


®ff§ 

Um ■■ 


■h 


*« js equality of gquape apd t hing to number. As the roots of these two sides eaiy 
>* u ot be found, suppose the number 4, and multiply it by 2, which is the number 
•* of the square of the unknown, it is 8. I multiply both sides by 8 J the first side is 
square of flung, and 72 unknown negative; and the second side is 144 


i/t 


« units I then add the square of the number of the unknown, which is 81, to the 
u result of both sides; the first side h .16' square pf rmkuown, and 72 unknown 
‘' negative, and 81 units; and the second side is 225 units, I take the roots of 


the root ,of the first side ,is 4 unknown and 0 units negative; and 


of the second aide is 15 units affirmative. 1 equate,them in this 


DOU) l>luf 

the roo| JH|pHHpi|K . M L. 

m (niier ; I subtract cipher unknown of the second side from 4 unknown of the 
first sidf ; arid 9 units negative of the first side from 15 units affirmative of 
the second side ; the first is 4 thing, and the second side is 24 units affirma¬ 
tive, I divide, 6 is the result, and this is the quantity of the unknown ? and 
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then was 72.” 
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example arises the equation ~-'4-4.e4- I0r:,f*; then a? — 

64 = 4 X ap 4- 04 = 144, 2.r — 8 rJK 12; ,r# 10*. 

The next example is, 4< A person gave charity several clays, increasing the 
“ gift cqualiv every day. From the stun of the days l being subtracted ami 

- • . , *, , , . - i • 
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“ the remainder halved, the result is the'number of dirhems which hr gave-the 
“ first flay: he increased always by half of that number: and the sum oi the 
dirhems is equal to the product of these three; that is to say, the number ot 
“days, the number of dirhems the first dav, and the number of the increase, 

“ added to 4 of the product.” Let the number of days be 4r -f I, SU- is the 

p , . , . , : ; , , , , , 


“ number of dirhems 


(4.r 4* 1) X X 

ILy, . ■ 


<!.' diems. Then by a rule of the Leelawuttee, ((4w 4- l) - 1) ;v -f &v the 

'at was given tlie first and 


number given the last day ; half the sum of what 


last, days — what was given the middle day. Multiply this by the 
days : it is 8a’* ~i- J 0 v* 4r ~<v, which is — — — : ~~~ t 8.. 15 


— 

number of 




or 
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tffly by the? issufied number 8, for in this case as the co-efficient of ahisfwe” 

■ ■ * 

■assume- the co-etiicient itself 'of \v\ and add the square of half the co-effie 
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,v, 64r - 432, v. + 729 - 841 ; 8.r - .27 


29 + 27 _ 
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The next is to find .r in the equation 4 . ~) x 0 — 90 . The solution is, 

\y V// tf'-' > 

I suppose, what is required to be thing, I divide it by cipher; as the qt otieo 
“ is impossible,, thing is obtained, whose denoinurator is cipher, its square, which 
“ is the square of thing, wliosc denominator is cipher, I add io'th:ing( which is- the 
“ rpot. It is rue square of thing and thing, u hose dei.mmoaUrr is cipher. X 
n multiply by cipher ; it, is the square of thing'and thing. Cipher is b brown out 
“ by a rule qfthe Leekwnttee, which says, that when the^nmitiplicami is cipher, 

“ and the ."■multiplier a number whose denominator is cipher,- the product will be 


* Part of tills example, and most of the rest in this book, are wanting in Mr. Burrow’. copy. 
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•bcr,- and Crpier Will be rejected.* Whence the equation a-' 4 & is: go 

ved in the common way. ■ • ■•■?:■•■% *. - ' - 

,7'\ 

’ | a value of a 1 is required in the case ((.?'+ - ) X 0)* 4- 2 (a 4 tv 

%, . tL 

< hmnxrli!“ nut in n mamifr similar tn rtiat ni flip hii¥ov>in«v 


tire quotient,- Its square, which is 4 


“ aflinnau ve, 1 multiply by the term first found, viz. I ( fie/ig; it m 4 thing. I 
“ multmly it by 3, it is 12 unknown. I subtract it fra in the tprd term Wlijeft Is 

W U, V • *» -u i 


u after the first, nothing remains, After that !•'subtract the term 2 iiegatiVe froni 
4 ‘ the first term, nothing" remains. The cube wot then of the first side is found i 
4i Haw affirmative and q units negative.*' Whence .r — 2 isT?, which is re- 
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second side cannot bs lound. hum a number which hears; added, the roots of 
both sides may be found; that is 4r 4 40(U’ + I. Hits will give J'" +-g,r* 4- t 
B±! 10,000 4 4x : ' 4 4oO.r; and extracting flic square root, T 4 I 100 4 Cr, 
which is reduced by the rules given in this chapter. At the conclusion 6 f the ex- 
unpie are these words: “The solution of such question;; as these depends on 
xt judgment, aided by the assistance of God. 

he tyro next examples notice is mk4| of a quadratic equation hiivmg,t\vo' 
ie side is ?/</»£, and the numbers are negative, and on the 
-m. are less than the negative numbers on tiie'lirst, side, 
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t.s» “ When on one 
“ other side the nurnh 

“ there arc two methods. The first Is, to equate them without alteration. The 
* l second is, if the numbers,of Tu* second side are affirmati ve, to make theiu ucgtiv 
“ five, .and if negative to make them affirmative. Equate them :2 numbers wifi 
obtained, both of which will probably answer.” ' *•' ff 
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The next example is, “ The style of a dial 12 fingers Tong stands p#pendl~ 


$§5 






rle »C$., being ~ 12, and b — j = 14* c and * are 

*■ + ■« *'*•. *»■< » rertuc “' * 
tea notice or. First, -j- 




opposition to this, some one speak 
Sian translator, J suppose) says, “ I think that this also t: 
o uv/ive that in this ease the hypothemise will be zz — 15. M 

ext problem is to find four numbers such that it to' each of them §• be 
Ls. r., 4 .w, .hnlt hr> i„ nvithmeticai 


\ 


-v ; 


. -...nd and third, and,‘to the product of the thi 

roe sliai! be square nwnlbersf and if to <nc -;tm> 'of'the roots or all ^ 
..nbers 11 be added, tile sum shall be a square number, viz. the 
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t 



multiplied bv the augments of the numbers'}*' otherwise the ensc will be im- 
possible. 

The folLnwImv k am tthjhnrf- nf ttnlitf-uir. • .f f.ftf .r. v. z hr tfotf four miiir* 


. The following is on abstract, of the solution : (Letter, #, y> z he the tour num¬ 
bers required, and/•, ,y, t,v the four roots which must be in arithmetical pro- 


18 

gression). By the lemma'we fincUbe common difference ^~zz : ^ ?¥$ P vst 

feet beipg r, the second will be zzr the third ~ r 6, and the fourth zz 

; .... r- . . 


h q\v rsy$ 1 zz-%/ I 8 ), and si — \Zi^vy 4 - 18 ), and Site Vf (y* * + 18) 


3 4-18). 
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* In a iiiavguuU. whir-:h I spppose ip be wrijtt^n fe the .P^rsvap translator, tlbe..,appTii:at 4 ,oii_,of. Ox?. .Leajnvi 

i.o the problem is illustrated thus: let a;6,c be threu numbers; {*;--$)* X c + (a* — r) >< <0* <;)zz'(ai> ~-ty\ 

; * cai5e we ^ nve *— ^ .= 3, css 2 anc) 6 and a two successive roots; and as w zzz'r* — 2, and .V '.-ss ^ — 5 i, &c. 
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A id ree-f [Hr- (-Ay.— 18~(.sV —2)% and ^, 3 + 18- (/<:;— 2) 1 

. , I l r ... i /. %V , / z /A , /. .V "... .. _ 
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laknia: r -hJ'4/ , d-x>4-(r-v— -2)4-(.v^— ( i) + (Ar—2)4-1! S= 1 T; a quadratic equa- 
1 being reduced r js found 2 s V, wnetice h zz & ^ — &s, 

1 Jl ~ 2 

Some questions about right-angled triangles-occur nex t ; the first is, l< Given 
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the sides of a right-angled triangle-15 and 20; required the hypathenuse. 

- : •- ■ aa , mm ,. g. ■& #fc;c 

ie sum of 


Although by the figure of the bride the hyputheause in the root c. 
the squares of the two sides* the method of solution by Algebra is this : In this 
*' triangle suppose the hypotheiluse unknown, and then divide the triangle into 
•‘ two right-angled triangles, thus : Suppose the unknown hypothenuse the base 
“ of the triangle, and from the right-angle' draw a .perpendicular; then 15 is the 
“ hypothenuse of the small, triangle, aud 20 that of the large one. By four pro- 


... V- ,i’ ■ : •'• ■... . • ■ ■■ ■ ■. ■ ■■. •; it- v 

portionals I find, when the: least side about the right angle, whose hypothe- 


“ iui.se is 1 unknown, is 15 : how much will be the least 


about the right 


nose is 15.’* In like manner the other segment is to be 
25. “ If I would Jhvd the quautity of the penieti- 


(i angle whose hypothec 
brought..but, : ;|yhehee;^._^ , ^ 

** dicular, and the segments of the hypothenuse'at the ,place of the perpendicular, 
’"it may be done in various ways ; first by four proportionals, ’“&c.w: They are 
found on the" slune principle; as above. , 
hx the Lei 'a wul tee is this ; The difference -of th« 


,: t to. say 5 I 


,t*r 1 


by 35, 


'• “ And another way which is written 

ence-of the two '.fqntaiuipg^iyies,' that is 


eh is the sum of the two 


divide by £:5 that is the base ; the quotient is 7. 


31. 


** remains. 


naive it, id is obtained; when I subtfac 
I halve, o is the sm 
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I add: this to tfe base^ it 
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circular: 
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smaller segment from the place of the perpen. 
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“ The square of the hypo then use of every right-angled triangle is-equal 
“ to twice the rectangle of the two sales containing the right angle, with . the 
“ square of the difference of those sides. As the joining of the four filimgles 
“ abovementioned is in/such a manner that from the bypothpiiusefif tgach, '"the 
" sides of a square will be formed, and in,the middle of it there will he a square, 
“ the quantity of whose sides is equal to the dlflfcfence Of the two sides about the 
“ right-angle of the triangle ; and the area of every right-angled triangle is half 
“ the rectangle of the side’s abqut the right triangle. Now fvvice the rectangle 
“ of the two sides containing that is 6 ' 00 , is equal to all the four triangles ; and 




own that it” twice the 
i-Ferenee, the result 
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“ the quantity of the hypotheuuse. And from jfcfet 

“ rectangle.of two numbers, is added to the square 

will equal to the sum of the sqpraisS' of [.hoso tw.; t?/i.■ .;-rs. 

. The r,exl * ina triangle JX/ Giver, v /(„v 5) 
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bc, required the sides. 4 ‘ First, I perform the operation of contrariety and .op- 
“ Mosition.: let ac — bc be supposed 2, To this add 1, it is M .take its square, 
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“ its is 9 ; add 3, it is 12. This is the quantity.of the less side ; its square which 

“ is .144 is- ac*— bC 5 ; here then the differences of the tv/o original nuni.!)er.s ; 

“ and of the tw o squares are both known ; and .the difference of the squares of two 

“ numbers is 'equal to the rectangle of the sum of the two numbers, into their 

“ difference. Therefore when we divide the difference of the squares by the 

‘f difference of the two numbers, .the sum of the two numbers will be the. quotient; 

and if we divide by, the sum, the difference will be the quotient; because the 

“ square of a line has refeten.ee to a four-sided . equiangular figure whose four 

“ sides are equal to that line; for .example, the square of 7 direjtas is 49. If I 

“ subtract th<* square <T .•> from it, 24 remains; and tin difference of 7 sad 5 is 

st 2, and their sum 12, and ..the rectaugie of these t.wo. is 24, which is the number 

« remaining. Then it: is known that the rectangle of the sum of i lie two numbers 

•*"* into their difference, that is 1,2 multipUcffby 2* is equal to the difference of the 

“ squares, of the two that is 24>” &c. On this principle the sum and difference 

belli ir found, the numbers themselves arc had “ by a rule of the Lcelavnittee. ** viz, 
© y 

o>. +' ^ . id ■ d . . ■ ,i tt 4* h (i — b i ., . 


a + 
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a, p$cr 


By supposing other numbers besides 2' for the difference, and proceeding, in the 
above manner, triangles without end may be found. ( i .<.. ,, , 

As objection is here made, (1 siippose by the Persian .translator) that the 
above is not algebraical. It is then stated that the translator has found out an 
easy way of solving the question by Algebra, He directs that the difference 
ac — bc ipav be assumed ~ 2, as before ; and making bc ~ w, ac will be 



iiipiles': The fivA of them is. what right-angled triangle is 
iiose 3 sides is 40, and the rectangle of the two sides about 
“ tlifehighf angle U'O ? 

“The method of solution is this -. By .the first rule take twice 120, it is 240, 
« and this is equal to the difference of the sum of the squares Of the sides about 
“ the right angle, and the square'of their sum that is the hypotbeimse. Then 
“ the.difference of the squares. of the two numbers, one of which: is the sum of the 
*• two sides and the other the hypothenuse, is 240; and the. -sum of both is 40 , ; 
“ In the method of finding out the triangle, it was before known that the dii- 
be of. the sqq es • numbers is equal' to the rectangle of their sum and 
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«. 15 6\ and this- is the flifierctico of--the iiyp:•<:' and the sum of the t^OrS'kies 

« about the right angle ; then add 6 to -40, and take its hiiit; it is .‘JO, ties is- the 
les; subtract 6 from 40, and take its half, it is 17, and tliis.js tin 
fbr'tkjtt^um o£»the t\fo sides is always greater, than th^h^|>ot})e- 
« nu.se by. -the asses', propositioh*. it was stated in the second rule that the 
“ difference of the square of the sum of two-numbers,,»ud .4 times their- rectangle, 


“ sum o£ the sides 


“is equal to tue square of their difference. Take then the -squares of - -23, it is 
“ , 52 Q. and 4 times the rectangle of the t\yo sides, it is- 480; -.their difference is 


“4 i, ivhich isequahtq,..the square, di I - dcs, clr, th.eu 

“ add 7 to S3,, and subtract it from thesaine,-and the halves, are \5 and 8 the 


“ two sides.’ 
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The next example- ifi x \.v -.required .r, ?/j, z, such that x -f if -f * — 50 , 

■1" x vkT|-| ; e,fV*i;^^ V *.k"-. -' •' V/ '' : ' ■'i/'i'''- .jV, ■')%''! ; d 

and zz 4g00. ’ i suppose the cfiaitoetcr Uh? hvpot-hcnusc) imkuovvn tsi);,c it> 

u square it is ^ : This is equal to th.e sum- of the /.quart*' of Uie r.vo sales about * 


*• ; ’ t t ■ ■ v '*V 1 .* .; ► 1 * • ' t ,• '{/? O, •-1 * 1 •, ' j, 

“ the light angle, by the figure of the bride ; atld as 4SJ00 is the product of the 
“ rectangle of the two sides multiplied' by the by patlieu use, 1 dh if/i2Ub by lltc 

“ unkno,ifn, the quotient is- the rectangle of the two sides, And it, \ras 


,t 


“ stated that,the excess of .the square of the sum of the - -.hum&iV.above the sttm 
0 of their squares is equal to twice the rectangle of the tvfo numbers, The sum 
“ of the tM> ifks is 5 . I take its square, it is > ----- ,1 1 „v - ..... 

i( SH'm of- thtf srihs»ri»s SYfl-'it* I’rim niri&A *s tc .V IV\r f r ie chun-, U,.,...... „ 



* Meaning by the asses patp.nsition the :d.0ih of the. -.first book of Euclid, which we are told was ridiculed by 
the Epicureans as clear even -to-asses, These passages are only iaterpaiations of the Pemah transIaW* 

aim >( _ imtmKM « } fiM 1 _ l v 
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ule in this case is to 


1 Jr / v , " 

rbtract the unknown of or'ie side from the uu- 
<< knrlra or cipher of the other side, and all the other colours ahd the members of 

• * 1 * , ■ . , . ' 4 1 ' ' ■ .' * •''')[ . •/ j , » 4 , A f.' 

“ the second side from the first side, from winch the unknown was subtracted, 
“and divide those colours by the.. unknown. If, as nay happen,' the de.horoi- 
« patois are. one quantity, perform the operation of the multiplicand j and if the 
• « deuominatois are different unknown quantities let them be unknown. Suppose 
“ the quantity of every one of these unknown the denominator, and put it, bflow 
“the colours of the dividend, arid reduce the fractions' anti, reject the denonunu- 
tt tors; then the unknown will not remain on any side. After that subtract the 
“black i ‘-'one side fro it; the other side, and subtract the rest of the colours and 
d the numbers from the side .horn which the black was subtracted, am! perform 
« the- same operations as were directed, for the unknown,^ tvud the quantity of the 
“black will be obtained; and in like manner the rest of thecolours, and all 
U t p c quantities of the multiplicand will he obtained. Then paforn^eith it the opera- 
“ tion of the multiplicand ; and the multiplicand and quotient will be obtained. The 
“ multiplicand will be the quantity of the dividend, and the quotient the quantity of 
“ the divisor. And if in the dividend of the operation of the multiplicand, two 
“ colours remain; as for example, black and blue, suppose the second in order, 
,< w hU:h is blue, the dividend, and' suppose black a number, and add that to the 
“ augment, and perform the operation; and when the quantity of the two last 
ours is obtained, we shall known by the method which has been explained 
ami illustrated in the examples, what tire the quantities of the other colours 
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“ col' 


wait 


cl, are below it And when the quantity is known, reject the name of 


“colour, ahd if the quantity of the colour is not obtained in whole numbers, 
r \»<»ain perform the operation of the multiplicand till it comes out whole ; and by 
•< the quantity of the last, colour we know the quantities of the other colours, so 
that the quantity of the unknown will be found. If then any one propose a 


* question in which there are many things unknown, suppose them different 




itikuewo, and the second 


“ the thin 


ncl the fifth red, and the sixth 

• • , . ,_i___ 


"hatever names v 


“ the sevf 
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I, n. cl 
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jover. And if instead 


un 






it), such as letters, and the like it may 

quantities^ and the object in 
JF>' required.” 

ses the equation 5.e -f- 8# •+■ 7® 4- 90 ~ 

, . , —v + z -b 28 . V 4- .3 '4- 28'I ,, 

derived— : ---or —~— -- —a. 


are found by the n 
augment being gr 
quotient, is retai 


the multiplicand and the quotient 
ifth chanter of the introduction as .follows: The 


quotient, is found 
arising from the, 


■ x rf') 

the divisor, the former is divided by the latter. 1 he 
ie remainder Is written instead of the augment; tin 

, .rl the multiplicand — 1. As the number .of the quotients 

.ion of the dividend by the divisor is in this case odd, and 

.d . 1 ' £* .1 ._^ rriiiitivinn* t lu» mnl- 


as the dividend is negative ; and each of these circumstances requiring .the mul- 

. , ... i 1 - ‘ .... .1 €vr\ m th<* /’Ttful/Mtf! 


t ink rand to be subtracted from the divisor, and the. quotient from the dividend, 
the quantities remain as they were, viz. 0 ami i. Now adding J4, the quotient 
of 20 divided by % toO; the true quotient is 14 and the multiplicand = 1 
Therefore .r'= if ' and jj = 1, and * «1; and new values may he found by the 
rules of the 5tli chapter of the iutriiductidH. 

The next question is the same as the third of the 1st book., 

Xu tin; next we have .the-four quantities 0 4~ %y + 3.s + 7w, and Sr + 7y 4- 
2s -p lw, and iv + 4y 4- 1* 4* and Sx 4- 5 jt + 3s 4- 1 to, all equal to each 
other; and the values of .»*, if, e, and w are required. From the first and second 


is found 2 jt ~ 5?/ ~~ 6z — 6w ; from the' second and third 3.r ~ Sy 4- at ~ w; and 


from the third and fourth 2a- — 3j/ — is 4- to. 

.From the two first, of these three equations 9y~ &0s + and from the tv 

... .. S Ire 4 0 ,- c 

last % — 8* — 5«»; whence 12s = 93s®; and dividing - -= * i ar 


MM 

« above, where the rule pf the multiplicand was given, it was said that when the 


“ augment is cipher, the multiplicand will be cipher, and the quotient the quotient 
of the augment divided by the divisor ; here then .do multiplica 


“ are both cipher.'” Then adding 31 for a new value of 


Itiplicaud and quotient 
and 4 for a new 
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&>. :3 | — s aud 4 “ W» and t>ie other quantities are brought out in the 

The next examjhv gives 5.v + 7# t 0^ 3w ~ 300,--anti Sir -f Sy + 7* + 

- 8s — 3 fire 200 and for the operation of 
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ts 4 , then •— 8« will.be 


M: M 


ulament, and 4 tM ciivtsar. * As 4* 14 

mm without a rcmamoc*', the nwltipl-icamd wiil oe zz (L ana the quotient ir • M; 
uiding — 8 to if, and 4 to 0, y as 6 aud ;s4. The other quantities are found 
n the same why as in the former examples. Another method, not materially 
hffereut from the foregoing, is also prescribed for the solution of this question * 

A great part of tlie next example is not Intelligible to me. What I can 


ou 
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.. . -- — ..X “S ■ TT- “ • 

• nteliigibk: to me. What I can make 
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_-ML 
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. : _ , , x — -5 # — 4 • # — 3 — 5 > 

t is lias. To fi&d ,v so that —g— ^ ^ .s .,zz % —. 
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*w~ 1,5* = 

: :4m jri h 

mu\4vzz3w~~'l 

; hoof this last xv ~ 

nut ti 

iese pumijers 

> 7 ■ 

o’iv mo* — i 

x fractionui value 

of z, new ,values inu 




A 


for te 


i imd v> , Tfa&n aft b r some part which .! cannot understand, the author makes 
3 + W, and says u is found sr 4 ; then w =? If, ;c — 2 ■+• 3«> v = 14 After 

more, which l ’cannot make out, he finds 2jL2£i sa'-M a. s'. % means of t 

= 15. After more, which I cab make nothing of, he 'finch 

■ ■ \\ 


he adds to 

rod fine 

y. v , J , 

— ^0. 

V y aiui .1 . 


The next e 

x ample 

multiplied by 

, 5 and 

and when tire 

: seconv 


quotient will be equal, with an increase of I, to the remainder and quotient of the 
first; and when the third is multiplied by 9 and divided by 30, in like, manner, the 
remainder aud quotient will be equal with an increase of .1 to the remainder and 
quotient of the second? The first remainder is called x, the second \v + l, and the 
'third, a -j- % and these are also the quotients. Let the first number be y, " By the 




' ■ ; '. i , v ’ a;a ■ : . ; 1 ' ; ' • ; V ■" 

* from this place there h a great oinmion in my copy as far as the question W 4- Zip zsz □, and 7x* — 8 y % 
— 1 ss Q, rn the next book* Mr* Burrows’s copy^ however being complete in this part, I shall proceed tp 

supply the omission in nitne from his, , ' 
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question g - 



* + to’ wI,tnce V — tl’ 

. # -i“ 1 „..i.-- TluZM. Let the third number bet?, then 



L 20 

of x is fi.nuid 


— y, and from the second ar 


—. From ‘the first and second values 
second and third •———— — From 


7 


this last is found by the operation of the multiplicand * = 6 and v == 7, aim ; 

i w .1 . . . if ^ . . « rid; t oliio or tv rlo/so 


s . 33 is found by multiply niff 3 by i) ana aacimg o ; ac mar urn icquiicu uuuiua* 
are found 42, S3, and £8. Most of this example after that part where s is 
found = 6, is unintelligible to me. It appears only that new values of z are 

. .. — . 1 ,1 i. . .. ) ; . . . ~. J -n— <s) nr%j! Q JL £ »V nil J 
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^ j x* i 2 ^ ‘•'j t' * j 

Tire next question gives ~~-| -~j - 

to fin cl $ so tli at all these numbers shall ffe in tigers, 

v . . • ... . ... . . .... i 


the third condition, proceed 


thus: Let the thiul quotient be 5u 4* 3- Multiply 
by 5 and add 3, 25?/ +18 = 4?, this is = 35 + 36c. hence tWu -!? =z$6v } then 
by the operation ot the multiplicand u = 5 and <v = 3, Sot? = 163, 25 X 5— 17+ 
35 = 143 = x, and as n = 5 -f 36’m and v = 3 + 25*e, the augment of s is 00 



because 25 X 36* m fz 1)00, 













r v - o -f ;uul * = ! + I Wi **+ 1 ~^ a ^’ . - ■ “ , * 

■M, t^ pin.hint ,,r,I,e Sf Ukra a cc W d»,g ^ the .;«»».>.'"volvar.am would 

s£;i io»i woru,» suppose «=*> -xi w * ^ f-'-rx;: 

v,as; throw out 7 from Wh, the mmindcvs are 8 and £T 1 •! Vthe 
product, it is lOw+S. divide by 7; suppose « the ^oUcnt and C 

10ft 4- 3 , d , /•)_„ , «> — -, v .4* g iiLi-i 25, -CT.; from this is 

maiiKfer ; .- - « + l0w + — " * 10 . „ / ' . 

,v„-.. ( , or o-K/y- The stfemut number being + 8 * ,l 18 *4X6+8=?932, 

Asthe i,uml ' er is fr + ^ a 

— .•. j its augment ^ 45 X 1"0. 

Thi-nisit is ’ wi»t Dumber is that vhWh being multiplied by 9 anti 7 »'■<; *t 
two . "'s ' ■ h i by « the sun. of *. two fi**** and two W« 
will W Ofi. “ Suppose the number „ multiply ,« by 10, » • ». « * ■< > h > < 

« multiplied separately by 7 and », by tit* first ligate of the second book, >t woo d 
■i a t so be i6.r' J , Let the quotient ui‘ 16a divided by 30 he.Jf, 3 ■> X-- — JI is , e 

tnUituier, add the. quotient y ■, 16* - 29.9 =26, anti SS *$~ *>-*• '»te augment 

hein.tea r than the tUvtsor. subtract to front 26, it» W. By ^ <*«*** 

,he mSti,.brand, the quotient is found 9« ami the, If / 

subtract the 39', anti from 30 tire Iti't 3 ami 3 remao, . lake ., bon. an.1 - 
from 16, pti ami 14 remain. A* 16 was one* rejected ftoni t-te aug.oeit , a. t 
1 m 06 r - oy and tile quotient is 14 anti the remainder IS. Nn new values 
It:. Ire had in this ease by the augment, for then fte.quotient and rematnder 

would be greater than t£7- i a ,.,,j ,i 1f> 

The nest is, what number is that which tmiMplted hy 3, 7, and J, u>d lbe 

pro,lurts divider! by 30; ami fiie remainders added together and agar, divided by 

V 0 1; re.nttm.ler-will be ,1. Suppose the number let ,9a be dtvtde, by 
oO, mt icununu . 1 _ If v . e had multiplied 

30, and let the quotient oey, then '> J ^ wou t ( | 

« separately, and divided each number by 30, the sum again divided by ol wuu 
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OF INDETERMINATE TtiOBLEMS, 


/D 


.. also have been equal to 11 ( bat thfa would have be™ a long o^vattoo lie proof 
.. of,he rule fur sack wm.be fa plain ; fee example, if 8 be tBultiplted l>Jt t, *, .... 
«- 4 k will b. ««.**. .MM, «* ««*W ll’ere vrll rematn l^y, 

.. twt 2. The SHU. of these, that is IS, divide by U ; ‘bets re.na.ns 12. ■_» <*■ 

“multiplied by the sum of these that fa ft it'till jc 7*1 ttvae ' .. .. 

liUy 4- l! „ x jjy j,j je operation of the niultiplfcanu U found x ~~ 


remains. 


From 


40 

being" multiplied 1*23, ^.divided 
by m, and again by 8 ®, the sum of the remainders is lOu f Lettue auinta be a. 

' ‘TS 


Suppose; the first remainder 40, and the second 60, and let ( . Q — v,+ ,.-,v then 


x 


60t/ 4- 40 


f 23.* 
Again, let —- 


GO 80s 4 GO 

; z 4 . then x tt 


Hence 80s 4; 20 


-Zj- . ^ert* — SO ffi t,,VU ~ 

= sop, from which are found y = 3 and a = 21 these values do not make * m- 
tecer. « = 3+ **, * = * + d*. Let.V = 7 and * - ■>, then * - M. */:"«• 
posing the rerrminrlers 30 *1 70, » will bo =9®, and the question may be wmked 
without supposing the remainders given numbers, anti by subjecting the qium- 
titles separately to the operation ot the multiplicand. 

In the nest example , being the quotient of %. * + P = 30. “ Here there ear. 

« be no multiplicand for no line (of quotients) is fouud, nor can it be brought 
“ out by interposition” (meaning quadratic equations). Proceed then by another 
method and the question is solved by position ; the number is supposed 13, and 

brought out truly gl~; afterwards is added, “I say this too may be done by 

“ Algebra thus Cal! the number ay 

- + i = ~ 30, 13* = 3.90, * 

it) lo 

The next example is. It is said in ancient books that there weic three people, 
of whom the first had G dirhems, the second S, ana the thud 100 They all 
went trading and bought pawn leaves at one price, and sold them at one rate, 
and to each person something remained. They then went to another place where 
the price of each leaf was 5 dirhems; they sold the remainder and the piopeity of 
the three was equal. At what price did they buy first, arm at what lute did they 
sell, and what were the remainders ? 


' b ,g 

2t~. 


K 2 




11 i* c - ' £ 

sold 1 oj» to 


certain immoer. iul v ^r-- ““rr-“ 
dirhem, then the leaves of the first person 'were bx; let the quotient of ^ 
divided by (10 bey, which is the number of dirhem* first had ; ■>* - 
number of leaves remaining. Multiply by 5, 30* ~ 550y is then- p.ice, atlt 
. .. «,w» i« Hu* rilunmt of the first person’s property, lilt 


imtr*0.cr Of iCtLvc» mud Miucj. . 

the fornu 1 ! result * 30*-549* is the amount of the tot person’s property. lMu 
71 found what the produce of Sat and luOtfwillbe, that of febcni 


y • the second person ts> iuuhu uayv. j T 3 - ^ 

. iVor king as above, according to the terms of the question, the amount, of the 
secomi pc, >>>,,•, proper i« „„d i„ iike manner Urn .hud 


.. v 1500a. — ~r4oOy }?xom 30 * == 549?/, .at is found — 0, and its augment 
'persons - | ' . . g. 


0 . 3 , . . . 

m> t hi s j s and y ss 80*. It is added that unless a number is assumed the . 

”'*• r.c,,„,ivt b<- ‘solved without the greatest difficulty. 
qi T!,;t;,ook doses with some ft■^raUerharh, about the attention and acuteness 

bvy ' 


I IS HOOK t-HW- 5 tilt.' ouiuv to--- 

requisite for solving questions like these. fg|g 
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Kese numbers evidently brought out wrong, tor *. 


% X M ' ■ 

should be divisible by 5 nod by 2 5, Taking 

. .. - Ka ; to nr thp rrmltmles 01 i 10 Up to 


la 
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“ AND that relates to making the squares of many colours equal ro immuct. 

« Its operation is thus: When two sides in the said condition arc equ.u, m t<R! 

« manner that has been given above tor the interposition of one colour, suppose 
« , number and multiply or divide both sides by It, and add or subtract »»k«» 

« number, so that one of the two sides may be a square. Then toe other sole 
« must necessarily have a root, for the two sides are equal, and by the mciease oi 
« decrease of equal quantities, equals resuit; then take the root of tear whic.i. »> 
“ easiest found. And if in the second there is the square of a colour a no a 
« number, suppose the square the multiplicand and the number the augment, 

“ and find the root by the operation of the square which was given above, and 
U am certainly will be number. Make the first root of colours equal in these 
“ two, and know that you must equate so that the square, or the cube, or the 
a S q U are of the square, of the unknown may remain. And after i he operation of 
£< the multiplication of the square, the less root is the quantity or the root of the 
“ square of the colour of that side which was worked upon ; and the greater root 
« \ s |] ie root of all that side which was equal to the root of the first side, hquate 
“ then in these two sides. And if in the second side there is the unknown, or 
“ the square of the unknown., the operation of the • multiplicand cannot be done. 
« Then assuming the square of another colour perform the operation, liuis it is. 
<i |f there is tl>e unknown with numbers, or the unknown alone, whose root does 
« hot come out by the multiplication of the square, unless by assuming the square 
“ of another colour; wneu the root of this is obtained, equa,c iti both anil find 
“ the quantity of the unknown, The result of this is, that you must apply your 
♦< u ,ip<: w ith steadiness and sagacity, and perform the operation of multiplication 
<< 0 f the square in any way that you can. Here follow a few Hues ot gerural 
observations not worth translating. 
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plllip 


Let the number be x, and let 2x + ~;.y\ Multiply by 24, which is C mul¬ 

tiplied b v 4, ami add 4 : then divide by 4, it; is IS# 4* 36V + 1 — %* + 1 ; 

‘ • ' . . . , ,• . I. .1 . 1J_ <?..» . , .1..„ 


^/(lSx 4 - S 6 V 4 i) “ 6x 4 - h 4 s the root of the other side -f- I caonot.be 
■ouih), perform the operation of the multiplication of the square, Suppose the 

hen' (\f + 1 =s 5*; 5 = ftc >F 1, a? =? -. By the rule of 


less root, or v 
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x:r3, ?/:~6 : ,.r -vsl, By cross multiplicat ion new values may be found, 

, The next is : What number is that .which, when the square of its square h 
multiplied by 5, and 100 times its square subtracted from the product, the re- 
ns .under U a square? .. ■, ,|:| f . j 

Let. the number be .r, and let 5a A — IGOx* ; 5.r* — 100 = ~ = Q. Sup¬ 


pose iO the less root, then 5 X 1.0* 


100 = 400=; 20*'; whence y ~ 200 and 


10 . 


l y •*— iV * i 1 

The next is : What arc those two whole numbers whose difference is a square, 
and the sum oi whose squares is a cube : - 

Let the two numbers be x and y ; let y —• then x* = y x — 2$te + z*. 


and 

as j 

i’* f f = hit - 

Sp % 4* a* ~ss z 6 , 

1 her. Qf - £ 

- «* + 

-jrf*' — ^ > 

and 


■ — 4ys % ~~ 2« 6 — 2Si 4 , a ncl 

4 ■if' 4j/s J 4* s 4 

~ f f .v 1 ^ r>'4* • ■« t 

- ir 3 \\ 

'hence 2y — x* 

*2 x 

/fS 

^ if i*). = ,3* v/(Sjt‘ - 1) 

i. Now by the 

multiplication 

of the square 

mak 

.iji 

5 the less root, 2 X 5 l ■ 

— 1 tz 49, and ‘ 

f is the greater root. Then 

V' 

> 

%*) = 175 rr % - zb; 

2j/ -• 2.5 ± 174. 

y = 100, x ~ 

r y — s 4 ?;5. 

Or i 

i t J5 

= 29 new values of .r and 

y will be found a 

s above. 
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I ere 

follows a Rule. “ Know 

that when both 

sides are equal 

and the root of 


one side is found, and on the other side there is a colour and its square, make 
<< this side equal to the square of the next colour, that is to say not to x, and let 


tei 
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« its square Ih? to that of y, and. if# be it» square, make it equal to toe square or s, 
“ and multiply or divide Loth sides by a number, am! adu or subtract something 
“ so that the mo* of the side may be found. Here then I-have found two roots ; 
'■out' the first* which is the 'root of the first of the first two sides: and the 
U second, the root; of the first of the second two sides, which is not equal to that 
“ root. Perform the operation of the multiplication of the square with that othei 
:r side whose root is not found. Let the les$ root be equal to the first loot., and 
“ the greater root be equal to the second root, and the quantity of these colouia 
“ will be found.” 


Example. A person gave to a poor man in one day three units, and gave every 
day with an increase of two. One day the poor man counted all the money, 
and asked an accountant when lie should receive three times the sum, at the rate 
paid. Let the number of days passed when lie counted his money be x, and the 
number of days when the sum would be tripled y. first find the amount received 
in the time x, thus : “ By a rule in the Lilavati.” (.*• - 1) X2+3 = pt + 1 = 

the gift of the last day; = x + 2 = the gift of the middle day. 

0 

Multiply this by the number of days, x l + 2 r is the sum. In like manner the 
sum for the time y is f + 2 y, which by the question is = 3.?* 4- 6'.i ; whence 
9.v* + 18a* -b 9 = §£ + % + 9, and 3.v + 3 r. f (3y* -f Gy + 9)» Let 3*f + 
6y + 9 — z\ then will be found 3y + 3 = ~ 18). By the multiplication 

of the square, making o the less root, 3x l ~ 18 == 15*, therefore 3y + 3 ~ 15 and 
y — 4 ; and because %* -f Gy 4 9 ~ .5* = 81 . and 3# + 3 ~ 9, x = 2.. Thus, 
on the fu st day, he got 3, and the second 5, and the sum is 8; and on the fourth 
day lie had 24, which is three times 8. In like manner, by making the less root 
33, the greater root will be 57, and y zz 18 and x as= 10, and other values.may be 
found by assuming other numbers for the less root. 

Then follows a Rule, which is so mutilated that I do not know how to translate 
it. ' As far 1 can judge, its meaning appears to be this : If a.v* + by* zz z\ the 
quantities are to be found thus : Either find r such that uE^-b— Q — />*, and then 
x will be it ry and a ~ py, or apply the rule given at the end of the 6th chapter 
of the introduction for the case, when a =:: Q. 

Required* x and y, such that J.x, + |y* q, and 7-E — 8y* + 1 = 0 



* At this place my copy comes in again, 
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OP I N DETER MTN A T E PROBLEMS, 


r ‘ + V "W**-! - Tht .-pcraliw, of mulliplicatioH of the square h 
^ .rectcl to be pwforntfrl, U ' King the maljipliemrl, au,l #■ the ahjtSicvt: “ I 
suppose 3 the less root, and multiply its square which is four by 7 the r ' ' 
j)iicai/<l, it is 28 ; add 8, the square is- 36; 6 then is found the greater 


' a ‘ .' : ^’ en f dle o f hJ«e, and £ black the quantity of the unknown.*’ 

ilius s is iimnu rjz<>y and x z*~ 2jf. The second condition % 7,r — 8?/ + l — n 
whence By substituting ^ for.; 28^ + 1, or « ( y-+ 

" ,e on, ' u ' ,imi n< ""‘'tiplicatioft or the. square," supposing the less root, and 


li 


m 

IK 


j»v (die operation of 

_ . „ * « '—7 <uul, <tiju. 

7 7 2 + 1 ~ 81 ~. m '’ v ’ 1,cncq a ’~ 'ntbfeforc ,r == 4 and 7/ iis, supposing 36* 
the less root, ,r will be — 72 ant! ^ =*■ 36*. 

Li tne next Example .r and y are required such that ’ff + y* =~ jrj, and 

. + >/ g p- The multiplicand being a square let the augment be divided by y, 

m ■!. '* : XXM f% A v ,Wf jf 


Then by a rule of the fith chapter of the introduction •- 

-4*., ... _ I.* k 


the-.,.M„l,i |;;y by 4 and a,!,I I. , 1 „'' +4 ,+ 1 hiL I , 

1 hf* roof ftf thfi flVAt’ Ct/lr t\f fliva on .1 A--. a « rv i ... * ... * 




I he root o. the first side of the equation is %+ I. Find the root of the second 
side by the operation of multiplication of the square, supposing 6 the less root, 
17 will be the greater; now Qy + i ~ 17; whence y ~ 8 'mnd x [zz 28 Other 
values of y and a* are 4.9 ■= y, and 1u IS ™ .r. 

Another method of solving this question is given. Supposing ^ one of the 
numbers Sar and the other 7«‘; the sum is Pa;', which is the square*»f ::x. The 
square of the first added to the cube of the second, is 8,r 6 + 4paA; let this be — 
divide by x\ tiie quotient is 8*‘ 4- 4p. Perform the operation of multiplication 
of the square, supposnig 2 the, less root, 8 X 4 4 49 = 81 =r 9’. Therefore 

; ahcl‘ supposing 


111 

II mil 


uu<] the first number i lx % isrr'8, ; and the second 7x2 is: 


fell 


^ . . 10 —i auu supposing 

7 the less root, 21 will be the greater root ; then x = 7, and (he first: number will 
he P8 and the second 34-3. 

Rule. “If a square is equal f, the root of winch' cannot be found £. and in 


TOlill 

Hr 




I ff§5 |! 


T *7” ^ 

Vi/. If A s&p* (supposing a** 4 a a=y»), then — m# : and ■ 


t Here seems to be an omission. ^ 

r £7 “* ttUrr,ber ca, ‘; edt,cetl lo ih « 4 «»* + n kw rational by making a, + my ~ 

--J—y, for tilfn +ry = y-y). In Mr. Burrow's copy this ruie begin-, “ I£ there ere two 

fi/ side^, the toot,** &c 









L 




'• • ' * 

OP xnoeteuhinate, -problems 

'‘ Wbc.il there are. two squares of two coloured the reet^e mf thi£t&£- ' 

‘‘ Silt! * mtl WS «o«..ir i „ ar e ar i ot 'I 

' u '" un squares thac rectangle may i, || rown out 

I’Ol CXUUipIc l In the .veenn/1 ic i. . i 




black 


r eX f"P ,e: ln the •' ecoutI side M W s mm $ kkmxmiintU6 square 

C k ’ aml f reCtan S le <“'.know:,, and black. Take the root of M square 

ClinUTIf livil/ mviint . „.. . f /■< ... .. l 


of 

unknown, Gnuknowu : am! from 36 square of bhcl' Smthn °* °* 

"***“*. 3 blade. Whan « talft,#* «JZ* ^ *» "T?* 

“ mnogle which fe .Uo 46 will be thrown out: andkom tbe^'als 

r. &g&J2fc ':" ateKr b >V" £ ' H " 

“ tmctffd one ho 1 ^ iT ^ nu . i0 >ei ot t},e colour of the quotient, having uh* 
“1pl.ich hn?j «-hat is obtained equal to that root 

‘‘the^ & & <^y ok 

, a - r^f r < y + ’=»•■ -■ 

" * *hj* 36 *'+ + In, -.3; 4 l,e ,,,s * e f * ^‘SSf oltiplihd by 

“ square, tbc rretumde hard,'. C h " l ‘'' *q«W ami part of lira 

“3 black: there remains °r * 1 ““*■ ale Ouird 6 imkaowu, awl 
>« S rumuoa 2 / srprar* of I**- Then apply h, g (| K ruic, Tis 

found = whence •»>»-• &5y* . os.p 

3 e,K e •* - -§~ f atld +#/* + TJ/ fe EL + y a ±S>1 _■ L%” 

. /7/a* - ^ ’ ‘ J' 9 

- } , and v/+ v* +3$)X (.*>+?/}+1 ~^ fi£ 4 . \ L . _ . 4 # + 9 , 

this & then M>f 4. 9 ~ n w > Tht . ° r ■ 3 , . • * " . ^ . ’* *^ ke 

ofmoltiiilieation of t he' sq ua«J maklrgS'iL^W f’ # 

l or 5 b X 36 % + 9 -- 262-1 -• 4^ fl • “ V) 4j " 1,1 be % gveafer root. 

J — ro-^*» •- 45 ; thcreJ-bre u b and r. ' . 


t!ie less root, y — ]80 


and j: 


Y* 


300, 


fQ; or luakinjk ISO 


The nex£ f l uestio « Required .r and y such that 


•Vlf *rjr y 


~ &> ai3tl - v% •+■ ,v* 


f 


O, fed 


t ,, tJ + ‘ r + y . + 2 = °* and * -y + 8= a, and 

4 . v /^ f: ,a 4 . « ^/ r d ... , ,,y t ... 

j ) t* v V It- y + 2) 4. - y t 2) + v/fe 1 -1 4- 8) 

~ , l! : , Uis P^h 1 that dand., will amwer the -bo-,, os 

and find two others. It is required to find the* f - 10iw - ,#aS8 th em 

quantiry only. Suppose the &t „2pLL ^ “”" S °‘ onc V*™™ 

■£pi=&^j)Am± STsSlK'S' " ,c ^ com1 ^ 

pk Anti .i* 4* L 


P 4 







07 jndetisbmina-je phobstsms. 

,+=r ¥ m mm W x , * Ii 3 




- 0 + 2p+a 

• • ‘ n + IV And *•* ~V + 2 = <* -0‘* And -r y* + fM= 

p- -f- 2?> 4-1 ~ (/■ + ^.; ( 


f n ' + ( l iT7 ?Ltb -Gf+y-Cp*--*)* 5 afid the sum of the roots is equal to 
+ 8 ' L f + ;\" , - <y + sp - 2. As the toot ot 

r> + tf+D +•. (p+i) + + v ?> r 7 „ , h 


cannot he found, 1 ( _ % + c5> jgnd the root fctf the first side 

j, y s ami add .9; P g " F<>r the ro0t of the- second side perform the 

v/(l0// + 24 p Kt ' uare Suppose the less root .5, the greater 

of ; 95 _, 3 ; 5 _ ,y. Make the .-tot of this e,,ual to 

* = W '«= 3 ' 1* <*•*«* 8 ^ - 

lcss root 30, the greater will he W i P will then be T and - ' 4 

»J=bm or making the to «* W N* £ * ‘of 

, >3 „,i *• — <?6‘6' Or.r mav he supposed —pi-;. ./ 

,slilW.o«l . M , + i«d» = i? + e Ami 

, : -gfc ““‘. -h m av be brought out in all infifoe number ot wojs besides 

the /numbers required naj he wont 1 * 

the above. t « OH that in calculation, correctness is the chief-point.; 

Here follows an ob-au nation, — the ve p from the object; but 

*».-ir ” d “ ns “ kratc i>e,so r nl i:;-;!i, «*«»*» ■» «*«*» 

° . . _fWvCP 


nSakii 


that where the help of acuteness is «*** ^are Woi, 

.. And to it is when there is such a question a ns. WW*».»J X of 

sum or difference ot mice, »> " c ’ . . n ra lied the augment, 


it I 


lie 


difference of wlncir, or u» — - , . u ht 

fwhich, being increased or ***£ $.«* 

; : ' MU : e : L \ c:: *f 0 Jh&t will .solve them; but firsfsuppose 

“ colour only, rt is not. everj suppo.. ^ ' , unknown, and another 

“the root of the difference of me two nnmbu - ^ ^ <>f tUe 

“ number with it either affirmative or negatve. ^ ^ ^ ^ and 

“ difference of the two scares, jy -m a« » ■ - e ,i difference abovemen- 

;; * ^ -11 r- 

;t ^ ¥ th, VT; t tteto H t| wa y 

“ of the sum of tbe numoeis, a ■ ■ . ,,t .f the difference, and the sum of 

“ of opposition add antf subtract, vie _ to and from thasquares of 

- *» B 7f "r ::r ’ ^« 

::^ 2dittotdt£^4 fc i-vn, and from that the two numhets 




*iijp 





: “ may be found in this manner, via 
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z. by the rule - f , a „ d 


„ (*+If)-(*-# ) - y.” 

$ 

The next is to find ,v and y such that r 4- y - L 3 ~ □, and x — y + 3 = O, 

and +/ —4 = Q, and y ~ f +.12 = 0 , and + y = (g, and the 

sum of the roots + 2 = p.' Exclude 6 and 7, which it is plain will answer, 
^(.r — y) is supposed = p — 1 , then x is made equal to p* ~,2 arnty » 2 p, 

wherefore ,r+ y + 3= fy~ *) +¥ + 3 = (f + *V, and 'f ~ -V + 3 ¥ O*-*) 
— gp+3= and .r' + t/'' — 4 = (/> 4 -~ 4 /> +4) +4/> 1 -—4 = (/f)Y and .r•—,%* + 

10 r- (/>+— 4 j 9 *+ 4 ) —4^*+li=(/> i ^4)*, and ~ +</ = +2pzzp\ and 

the sum of the roots +2 ='(p+l) + (P ~0 +P*+ +p+«=«^+3p-S 5 

make this r= <?*; %p l +3p-~2.±f> and %p* + 3p-~ r/+2. Multiply bv 8 and tic Id 9 . 
lt»pM- 24 />+ 9 = 8 ^*+S 5 . The root of the first side is 4/; + 3. Find the root* of 
the second aide by the operation of •multiplication of the square; making the 
less root 175 , the greater root will be 4f)5. Therefore 4p+3it495, ahdp=l£3, 
and <*>=15127, and j/=£46\ 

The next is: Required x and y such that *+«*+1 = □, and at* + 3 /*+ I = O. 
Let T=5/> 3 — 1 and /=4/A **!»/*+1=/>* and #*+/+1=(3^)“. The root of 
4p* is 2p. Find the root of 5p*~~ 1 by the operation of - multiplication of the 
square. Supposing the less root l, the greater will be 2. Supposing.. 17 the less 
root, the greater will be 38. Or if * s + y* — 1 = □, and #* — y l - 1 = O, let 
a - 1 5p* 4- 1 and 4 = 4p* 5 and so on as in the first ease. 

Rule. {< When the root of one side is found, and on l-he second side there is 
“ a colour, whether with or without a number, equate that side with the square 
“ of the colour which is af 4 er it and one unit. And bring our. the quantity of 
u the colour of the second side which is first in the equation j and bring ou t what 
“ is required in the proper manner/’ 

Example. To find x and y such 3.t> + 1 = 0 , and 5x + 1 ass n. Lit 
3.r+ l — (?s -f l) 1 ? then x = 3a* + S.s, let 5(3** + Si) + 1 = whence 
15** + ld.s=w*— 1 / multiply by 15 and add £.'• ; ££p5s* 4- 150; + 25 = I5w*+ K>. 
The root of the first side is i5* + 5. Find the ro, t of the second side by the 

T. 2 
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operation of multipV cation of the square.; making- the less root 9 , tliegreater wilf 
be 35; }5z -f 5 = 35; therefore « zz 2 and .r ~ Ifi. ' By another wav : Let 


i 




x 


%# 1 me 


; multiply by 5 and add 1, make this ~ w*; 5^* : =s- 3a>* * 2 . 

fukiply by 5 ; «$s* = I5w* + 10; the root of tin; first side is 5 s. .Find the 


he root ot the second as before, making the less root % the greater will be 35 • 

i -I />< f « i . > k __ ... i . tl. .. . _ . . s lr* * • . i ' 


. 


whence s and ,v. In t he above example other values of a are mentioned besides 
■ ■ those which I have taken riotice 


iS»lSiw3Si 


'* :r next example is : Required * such that dr + l , and ;n:,.r+ if 

+ Let S.r+ l ~.f ; then dr = f - 1, and Jv ~ ; multiply this 

.:L 


by 8 and add 1, the result isy J , the cube cube root of which is y. Let 3f + j 
zz z-; making- the less root 4, the gieater will he 7, whence a-2= SI 
I'he next is : To find ,r and tj shell that S^— yt)pt- amf3(>*-~/)’ + 3 = D- 
‘ ^- uow ’ that 111 bringing out what is requited, yoii "must sometimes suppose the 
coloui in that number which the question involves, and sometimes begin from 
“ the middle, and sometimes from the end, whichever is easiest. Here then 
ft supposedhe difference, of the squares unknown,’* See. 

Let ; make 2> f p~ f | then J—';rp; multiply this by 3, and add 3, 


■ • — 3 

it is - ; let this be ~ r*; therefore Stf 


2r*; multiply bv 3 and 


transpose: Sty 2 _ fir '+9 ; the root of'the first side is St/. Find that of the second 
side by the operation of multiplication, of the shuarev Making the less foot 6 , the 
gieater will he 15. Or making- the less 60, the greater will be 147. If ity™ J5, 
tj —5; il Sqzz 147, ^~49. In the first ease pzz 1*1,'and in the second p ~ 1 l<:p. 


?»pOSC iV 


y 


1, ,r* — y 1 .being- li, 


: x h v: 


il l; and x -f -y 


and r - y being gi ven; x and y may be found In the first case x = 6 and y ~ 5 , 


I 11 the second x 600 and y 22 599. 


n 


Mu<f. f ‘ It the square of a colour is divided by a number and the quotient is 
a CjIoui. If edter the reduction ot the equation its root is not found, make it 
- equal to the square of a colour, that .the quantity of- the black may come 

(i out# * , r > ; : y :\£y v ,, 'A. k, 


i'j : 'S. v> q 
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?5 
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, M , le 3, », then f’ = Tf + * : »« r » ot o f the a,st 

— a wholevium^ei. MaKt 7 “ 

”, . , )f Ihe second side cannot be ftmnd. “ Thee by the f *m £7 

side » #» that it - + S8s + 4 = 7.9 + * t whchceTf + *- - #• 

Jet 7 * + e = + ; ; r ' twc 0 f$Ubm™* 4 t,iL,C5 awl as 7 bluc an 

to a root whicii b eq-ial to the unknown, 1 make 

ItZSXSSf. . 

Ota, .is fotmii in the 

XZZ il. CI+-8* A1 "7 

same manner. .. m<lv ,. ome out multiply the first side 1 >j 

• " Y -cond title as .teas multiply the 

I-, the number\vhich the first -multiplied by, 

« and make it equal to the square ot a coloiu. 

Ei'amplc. \Vhat .lumber is that whose square being multiplied by aaO 
adtled, and divided by 1«, nothing remains ? Let the number be as Let ^ - 
= ll , a Me number; then 5,r'=l%-3, »-XS=W, 

Tl lcn there seems to be assumed iX*=s‘- >• aml utter .yards bom - — *• 

a colour is d, tided by a number,- and the 
“ quotient is a colour, make it equjti to the cube ot a colour. The rva, to fin. 
.. that, is this: Assume the cube of a number and divide it by the d,visor; there 
..should be no remainder; and arid the number tvith.t again arid again to the 
“divisor, or subtract it from it; or let the cube be a cube ot a mil*!, wind. 
“joinwitl.it; or again multiply that number by the Used number o, aim the 
“ re-ult multiply into the quotient, and divide it by the dividend; also toe,c 


• I„ Mr. Burrow’d copy th» fourth book end* with two rides and two example*, which, as far as I can make 
them out, are as above. 
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“ will be no remainder. 
“ with its cube.'’ 


Wii : 


If a number can be found with these conditions equate 

nm, 

ha' ample, f ’hafc number is that from whose cube 6 being taken and the re- 

9 '■ Y ’■-•■■,' : a, •'■-v : ; - |p\ : •>■', '.;> 

ih&mder divided by 5 nothing regains ? Let the number be ,r and £ ’ ■ - — « 


a whole number.. Hence *• = */ + C, . Tbcn % cube mat of this which is = ... . 

IS assumed 4-1, ana y is found r~ 25$ J + ISz' -f i% ~~ 1. ’ ^. ! 
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BOOK 5. 


« ON THE EQUATION OE RECTANGLE;” 




“ that relates to the method of solving questions which involve the 

« rec tangles of colours Know that when the question is of one number roulti- 
« p|| B d b^y another, if the two numbers are supposed colours, it necessarily comes 
“ under rectangle of” Colours. The solution of that being very intricate and 
“ exceedingly difficult, if one number is required suppose it unknown ; and if 
<« two or three, suppose one unknown and the others certain numbers, such that 
“ when they ate multiplied together according to the question, no colour will be 
« obtained except the 'unknown, and it will not come under rectangle of colours. 
“ And besides multiplication, if the increase or diminution of a number is re- 

quired, perform the operation according to tlie questtoit, then it will lie exactly 
“ a question of the same sort as those in the first book, which treats of the 
“ equality of unknown and number. By the rules which were given there, what 
“ is required will Rb found.” 

Tiie first question is to find .t? and y such that 4r + 3y 4 2 — xy. Supposing 
y — 5 , then 4,r 4- 17 = 5x t wherefore x — 17 and y ~ 5. Supposing y== 6, 
then .r — 10. In like manner any number whatever being put for y the value of 
x will be found. 

The next is to find w, x, y, z, such that (wq-.:c-f-y+ z) 20 = wxyz. Suppose 
the first w, the second 5, the third i, and the fourth 2; then 20r«+220 
and K> ~ 11. Other values of re, x, y, z, are taken notice of. 

The next is to find x and y in integers such that v 7 (x + y + xy + x l + y’) 4 - 
x 4 - i/ ~23, or rr 53. In the first case, suppose the first number s, and the 
second 2, then \/(& -f $x -f- <5) -4- x + 2 = 23, and V(x* + 3.v‘ -f 6) — 

2Q 

and x l + 3x 4• 6 r / - 42 x 4- 441 y whence x will be found = ; this not 

being an integer, let the operation be repeated. Suppose y — 3 then x wilt be 
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~ 5 ; then £ will be r= 7- 


ioutul = ; tills too being a fraction, suppose y • * Kpn *■ w,n he - 7 * Ia 

the second c^e a number is put tor y, and a fractional value of .r is found 
“And if we suppose the second number 1!, the quantity of the unknown will 
“ be 17, and tins is contran ; tor if tM second number is supposed 17, the quan- • 
“ ti ty of the unknown will be 1 i ; and. if one is supposed a colour arid the other a 
a cx »vtain number, it is probable that the unknown will be brought out a fraction; 

.•< arK i -,f a whole number is required, it may be found by nnich search. And if 
“ both are supposed colours, arid the 1 question solvedv by this rule, a whole 
t( number will easily be founil> v w > 

Rule*. “ When two sides are equal,, the method of equating them is thus : 
subtract the rectangle of one side from the other side, and besides that what¬ 
ever is on the. second side is to be subtracted from; the first; then let beta sides 
be divided bv the rectangle f and on the side \#r| there are colours let those 
colours be multiplied together. And let a number be supposed, and et the 
numbers which are on that side be added toil; and let the result be divided 
by the supposed number; and let the quotient and the number ot the t ivisor 
be separately increased or lessened by the number of the colours which were 
before multiplication, whichever may be possible. W berever the unknown is 
added or subtracted there will be the quantity of the black ; and wherever the 
black is added or subtracted there will be the qnantity of the unknown. Am 
in like manner if there is another number, and if both addition and subtraction 
are possible, let both be done, and two different numbers will be iouihI. Also 
if the number of the colours is greater, aud cannot be subtracted subuau ie 
quotient and the number of the divisor from the colour if possible, v/hat was 
ventured will be obtained. 


a 

<< 

a 

(c 
a 
a 
a 

a 

it 

a 

<4 

a 

a 

n 

a 


Example, x and y are required such 'that 4r 4- Sy + 2 — xy, Multiply 3 by 


Wm 


•* This rule is very ill expressed; it must mean--The equation being reduced to** + ~*U> « + 

t±S wil , be * y and * + > * Because *^ ^ ^ Jhe " e *+ C 

. J, t y _ a w ; 11 be = — y -. Therefore * = 6 + 


-ty—ax — by + ab = (* — b)tj/ — «) : and making p x 
p y and y fs a 


«*±£. More forinul* may be had by resolving ah + c info different factors. 
P 














A\'■ W 


<SL 


OP INDETERMINATE PKOBI.KMS, 


*9 


4, and*adtH! to the product 3 X 4 + 2 — 14. Suppose 1. Divide 14 by I. Add 4 

14 

to the number 1, and add 3 to the quotient 4+1 = 5 = ?/, and -3 + — == 17 = *. 

Or 4 + ~ = IB zzy, and 3 + 1=4*. u And no other case is possible.” Di¬ 
viding by 2, the quotient will be 7 ; y ~ 11 and x = 5. And by another 
method y will be found = (5 and x zz 10 *. 

To find x and y so that 10* + 14y — 58 = Qxy. After reducing the equation 
to 5x + 7 y — 2,9 = *jk.. ;S By the rule above given, assume divisors of 5X7—29; 
1 being the divisor, 6 is the quotient. 

5 + 1 6 ss y and 7 + 6 = 13 = 

or 5 + 6 — II zz y 7 + 1 =* 8 ’■■■> 

or 5 — 1 r: 4 = y 7 — i = 6 zz x, 

8, being the divisor, 3 is the quotient. 

V = 8, y zz 7 , y ~ 

X zz !), x zz 10, x zz 4; 

and no others are possible. 3 being the divisor 2 is the quotient, and the quan¬ 
tities are as above. It is added that these two examples may be proved by 
geometrical figures as well as numbers. 


* fa Mr. Burrow V copy there is another example which is v. anting in mine. It is as above. 


THE END. 
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Mr. Davis’s Notes. 
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1 HERE pu t together all I have been able to make out of Mr. Davis’s notes of 
the Bija Ganita, What I have extracted literally is marked by inverted commas; 
the rest is either abstract, or my own remarks or explanations, I have preserved 
the divisions of the Persian translation for the convenience of arrangement and for 
easy reference. Mr. Davis’s fetter to me, authenticating these notes, is annexed. 


Chapter 1st of Introduction. 


The mariner in which the negative sign is expressed, is illustrated in the notes 
by the addition and subtraction of simple quantities, thus: “ Addition. —When 
“ both affirmative or both negative. &c. When contrary signs, the difference 
“ is the sum. 

3 3 3 3 

« « 

4 4 4 4 


u Subtraction. 


3 

8 


3 

2 


1 

3 

2 


3 

Q. 





notes. 


<n 


“ Multiplication. 

« When both arc affirmative or both negative the product is affirmative. 

2 X 3 = 6', a x '3~ 6, 2 x 3 ~ o. 2 ; ~'3 = & 

« why is the product of two affirmative or two negative vpiantities always 
“affirmative? The first is evident. With regard to the second it may be ex* 
“ plained thus: Whether one quantity be multiplied by the other entire, or in 
“parts, the product, .rill always be the same, thus: 

- ’ > X r: ~ It)20 

“ 135 X 8 = id80 

“ 135 X 4 — 540 * 

■ ' ' 1620 

• Then, let J35 be X by 4 , but 12—4 = 16 and 135 X 4 — 540 ; 135 X 16 
4: — 2160, and 540 + 2160 = 2700, which is absurd : but 540 + 2l60 = 1620. ’ 


Mr. Davis remarks to me that there are here evidently some errors and some 
omissions, and he thinks that the meaning of the last part ot the passage must 
have been to this effect: 12 may be composed ol 1 6 added to 4. Let 135 be 
multiplied by 12, so composed 

135 X 1.6 = 2160 133 X 16 = 2160 

133 X 4 = 540 15 X 4 = 540 

■ 135 X 12 = 2700 This is absurd: but 135 X 12 = 1620 which is 

right. Thus too 4 may betaken as formed by 12 4- 16 = 4 , and if 

135 X 16 = 2*160 135 X 16 = 2160 

15 X 12 —- 1620 ^35 X 12 ~ 162 0 

136 X 4 = 3780 which is absurd: but 135 X 4 =£• 540 which is right. 


Perhaps something like the following might have been intended : 

—135X —12 = 1620 either4-or— ; ! ^ — 1 620 either+ or —; now4—lg — 

—- 1 Jo —4 j 

_U5 y ( 4 — i £) ( 

— 8; and 8 — 12 = - 4; therefore the sum of niuSt :=S ~~ 1 35 X — 1 % 

m 2 







VOTES, 

— 13,5X(4“ \ 2 )~ •— 540+ or -1620 
~ 135 X (3-12)-'- -1080+or —1620 

product - 1 o'HO -3240™-4860 if - X - gives - j but 

— 16g0+3240 ™ + 1620 if— X — gives +; therefore — 135 X —12=:+ 1(520. 



Chapter 3, 

* OF quantities unknown, but expressed by letters.” 


“ Jabut tabut . 

* f* « . .ISt * 

. aft 

“ Kaluk . . . . 


• 3Rt 



Neeluk . . . 

..... 3d . 

. 5ft 

“ jPeet ..... 

..... 4th 

. Tft 

“ Loheet . . 

. . .. .. 5th 



&c. 

“ Commentary adds Hunetaka,•. \i 
“ Chltvaka . . . . Q 
See. 

ihese are styled abekt or unknown. 

Tliese may be added to themselves, subtracted, &c. but cannot be added 
to, &c. known quantities in the manner explained, or to unlike quantities of 
“ any kind. The square of aft cannot be added to Sff, but the addition may be 
“ expressed thus ^ i add to ^ ^ - the reason is, because to add 5 signs 

“ to 2 degrees we cannot say 5 added to 2 is equal to seven, for this would be 
• absurd, we tnerefore write the snip £ £°. But when the unknown quantity is 
c iscovored it may then be added to *he known, into one simple quantity. 

, - “V"- ''-'V. + . \ :pp \ 






NOTES 9 ® 

i* 

“ The unknown quantities are usually written first, and the highest powers of 
« them before the lower.. 

« ^rr ^*213TT31 3 . Tins is + s.t -h 3 . 

Also . 

« The multiplication of unknown quantities. 

f To multiply. Jfjfl I intil ‘-t j w ' )lavc 5TT+- 
„ b - v *0- glves!ri * ; " 

Also this example of multiplication. 


“ 2fT3 

3TT5 


?TT *13 | 

i ?qT 3 

“ C%2 

SfP 



iii -'-rr— — rrj 




' m 

377 | 


which is the product of (ot~ 1) X (St + 2). 


—* 


Chapter 4. 

*t OF THE GARNI Oil SURD QUANTITIES.” 


“ Example of two numbers, 3 and 8. 
ii -f 8 10, the mahti carni. 

“2X8 = l6; its root is 4, and 4X2=8 the laghoo carni. 

“ The mahti oarni ... 10 : ' 

“ Laghoo carni added . 8 

18, the sum of these carnis. This 18 is the square of 


“ the sum of their roots. ” 












icrc is another example with the mi 

q 2 

roof is 2, -+• 1—3 


theorem, ** 2 


cam i 1,8 is found; its roof is-the sum of the roots -of she inv 
hut. !( there be two roots there must be two squares, th 
piare of the difference between these’® uares/ t ’ 
l examples in multiplication: “ To multiply the square root: 
f toe square root of 3'anti the integral number 5. 
dieiefore take the square of the sum of the square roots of 2 


Example' second 


2.v roop 25 roop 673 

9 roop 9 roop 75 


as m the Persian Translation : In division the following mle. is mentioned. 

"Thecarni divisor : reverse of each term, its sign, and multiply both divisor 
“ and dividend. ’’ 

CViiui which here means surd, means also the hvpothenuse of a right-angled 
triangle. ° 


25, 3 

625, 75 

25, 3 

675, 81 










NOTE*. 



C Imp ter 5. 
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“ What is that number by which when 921 is multiplied and 65 added to the 
" product, and that product divided by 195, nothing will remain, 

“ The dividend bhady, divisor hur or bhujuk, the number added or subtracted 
“ is called chepuk. The bhady is here sgi, the bhujuk 1.95 ; when divided the 
« quotient is 1, this is disregarded ; the seke ' or remainder is 26, by which 195 
“ divided the quotient is 7 disregarded, the remainder is lSy by which divide 
“221, the quotient’s 17, the- remainder is 0; The quotient 17 is the true or 
“ dirl- bhady. 

“Then i 95 divided by 13, the quotient is 15; the remainder0. This quotient 
“ is named dirt-bhujuk. 

“ Then divide 65 by 13, the quotient is 5 ; the remainder 0 ; the quotient is 
“th t dirt-ckspuk. 


“ They are now reduced to the smallest numbers. 

“ 1,7 cl irl- bhady. 

“ 15 dirl-bbujuk. 

5 dirl- chepuk. 


The quotients are found and arranged as in tire ride with 5 and 0 below, 

“ i 

thus : 7 

5 ■ 


0 this is called bullet; the cipher is called unit or the latter; the next (5) 
“ is called uipmtea. Multiply this by its next number (7) and add the next below 
“ 5, this being 0, the product will be 35. Multiply this by the uppermost number 
“ (1) and add the next below (5) the amount is 40.” 



YkMMxEMKi: 


\ 


Stflftl 


Then 40 and 3 5 are directed to be divided by tire dirl-bhady and bliujuk 

i aa /a 


17) 40(2 

Si. 


6 tins is called lubd. 
15) 3.5 {2 
30 



5 this is called goomik, - and it is the number sought, 
~ and directions are given for finding new values of .rand ?/, 


(U 




(sv.pposij.g ^ 

tile value of y and b anti its multiples to the value of a?. 

The next question in the notes is also the same as that in the Persian. 

“ hhady 100, bhujuk 6'3, and chepuk 90. 

: ; "■. .)'■ : 4>, '$■ 

^ i Ay f ^ v« ^ i * 

« OPERATION. 

“ These numbers cannot be all reduced to lower proportionals, 

“ 100 divided by 63, the quotient is 1, the remainder 37; by this remainder 
divide 63, the quotient is 1, the remainder is 26 ; by this divide 37, the quotient 
is I, the remainder H. Divide again; quotient 2, remainder 4. Divide 
“ agaittquotient % remainder 3. Divide again ; quotient I, remainder 1 ; this re- 




pit 


law®'! 


4 ( 

4( 


mat ruler l is disregarded. The several quotients,,write down thus: i 


1 6b? 


90 the chepuk. 

0 




ggji 


■ $)■ by adding a (in its reduced state) and its multiples to 




.VOTES. 


or 


« Multiply ami add from the bottom as in the former example, 90 X 1 + 0 = 90 , 
" 90X3+90=370, «o X 2+90=M0, 640X1+270=900, 900X1+630=1430. 
« 1530X 1+900=2430. 

“ Tbs fwo last are the numbers sought; then 
“ 100)2430(24 this is disregarded. 

200 

430 

400 

30 Seke or remainder is the iubd. 

“ 63)1534(24 
126 


270 

252 

18 this is the goonuk.’ 


100 X 18 + 90 = 30> 

' 63 

The method of reducing the bhady and chepuk is noticed, and the values of 
v ■” 171 and y ssr 27, being first found the true values are found, thus: 

63)171(32 and 10)27(2 
126' 20 


45 7 

63 ~ 45 = x and (10 - 7) X 10 = y. 

The several methods of proceeding: first, by reducing the bhady and chepuk ; 
second, by reducing the bhujuk and chepuk; third, by reducing the bhady and 
chepuk; and then the reduced chepuk and the bhujuk are also mentioned. 


The following explanation of’these reductions is given ; 

The bhady 27> bhujuk 15 ; 

“ these are divided each by 3 .... 9 and 5. 

“ Write 27 in two divisions . .... 9 and IB 
“ these again divided by 3 ..... 3 and 6 
« these two add 3 + 6 = 9 ; thus the parts added, how many so ever arc, always 
« e q U al to the whole, thus therefore they are reduced to save trouble, and there- 
“ fore all these numbers are so reduced; but the goonuk is as yet unknown. Let 



phS 


Jill 

mm 


it be su'pposM to b 


by which lrinl 


9 X 


18 X 




the parts of 


90, which added are ) 3.5, am! 




' y ' " ‘ ..tt- ^ " .'7 

‘ the same 13^ this (livuu-'ti in two pans, 00 and 75, and added again, are 1 35, 

{ The lowest terms of 27 and \5 above, are f) amt 5; llie conunon measure 3, 

9 


u multiplied by . 5 , 3 X 5 

c c 


“ 15. and f) X 15 


bus too the chepuk must be reduced, and when they are all 


“ lowest, thelubd and goonuk will be true ; and if their numbers are not reduce 

. _ ... , . 

“ to their lowest terms, the work will oe the greater,” ' 

The principle on which the chepuk is i educed is explained thus : 


%• |J|i 


“ The bhady ‘i'll, bhuiuk 1.95, chepuk 65; the goonuk was founds, lubd 
gQl X 5 ~ 1 105 
' 195)1105(5 lubd. 

975 - -m::: 








130 seke, which deduct from the bhujuk 195 — ISO zz 65 equal 
“ to the chepuk, which divide by the bhujuk 195)195(1. The iubd is 5 , to 
“ which add 1 ; 6— the original lubd’’ 

In another example tire bhady ” 60, bhujuk — 3 3, and chepuk sz 16 or — ] 6. 
By the. bullee arc found the numbers 80 and 368 ; then 368—60x6 — 8 the lubd, 
and SO — 13 X 6 — S the goonuk ; 60 - 3 ~M the iubd corrected, and 

, - , , , 66 X11 + 16 , , , 6'0 X 2—16 

13 •— *a = 11 the goonuk corrected. -=52, and—™ 


* ~ * •* 5 -.1 13 ' |3 

' Note in the text: The product by the two uppermost terms. Qf the bullee 


when 



divided by the bhady and bhujuk respectively, have hitherto always 


“ quoted the same number, as in the- last example 6 the quotient, and the like 


also in tipi foregoing examples, but when it happens otherwise, as in the fol- 
««lowing: When the bhady is 5, the 'bhuiuk 3, the chepuk 23 affirmative or 

. . . . . y • s ,r 

’j: 1 ■ ' V - V-. if; 


“ negative, what will be found the goonuk? 
3)5(1 


BpI 


2)3(1 
2 - 


Bullee. 


1 seke disregarded 


23 X I 
£3 X 1 


S3, + 0 
IS, + 23 


23 

46 


0 J 

5 ) 46 ( 9 
45 


3)2 3(7 
21 



1 


2 goonuk 





“ Next, when the ehepuk is negative, or to be deducted, the rule directs to 
“subtract the luM from the bhady, but here it cannot be clone: the rule is 
“ reversed, thus 11-3=6, which is the lubcl for the negative ehepuk ; next for 
“the goon of the rhin ehepuk 3-2“ 1 ; therefore the goon and iubd for the 
« rhin ehepuk are 1 and 2 ; 5X1=5 ; but from this the that ehepuk canuot be 
- taken ; therefore take it from the ehepuk $ 3—5 as 18 . 


3)18(6' the lubcl.’ 
18 

0 




. 


Other cases are mentioned for the negative ehepuk, and for the ehepuk re¬ 
duced, and for new values of the goon and lubcl. 


The examples and which are in the Persian translation, are 

also stated here, but no abstract of the work is given, only the lubcl is said to be 
5 and the goonuk 0 , which applies to the last of the two only. 


« The soke in bekidlas is termed sood, meaning that it is the ehepuk; the 
“ bhady, let it be 60. The coodin or urgun is the bhujuk, from which the Iubd 
“ will be found in hekullas, and the goon will be the seke of the cullas. which 
“ must be taken as the.ehepuk ; inakihg the bhady again 60, the bhujuk will be 
“ the urgun, the Iubd of this will be in cullas, the seke is the seke of the ansas, 
“ whi'ch seke must be taken as the ehepuk; the bhady being taken 30, the 
“ bhujuk is still the urgun, the lubcl is in ansas, the seke is the seke of the signs, 






** which seke take as the chepuk ; making the 
“ the cooriiu, the lubd here will be signs, tht 
" revolutions, which seke must be taken as 
,f in bhaganas, the seke the urgun.” 


onauy i a, me imujutc mil be still 
the seke is the seke of bhaganas, 

O J 

the chepuk the lubd will htne be 

' ,v \ * ,■ . C ' Vjfv , ,, ■ , 


HixwniHt 


“ urgun 13.” 


' 

“ Let the calp coo.liu or urgun be 19, the bhaganas 9, the 


|g||S 




Then, by proportion if 19 gives 9, what will 13 giver” This is found to be , 

o 6 
(i rev. 1 sign, 9.6, 5O', 31", with a fraction of i 1; then from - 


6(kr — 11 


i p~ ~ = y> 

«•: ;• i xm&k&i* mL ml jv ■ 


()Oa/ ■—. i Q 

iV and// ave found x=30, j/„3i ; then .from — - -- zz. y‘ y‘ ~ 50 and ;v r: 16, 


MM 


39 


3(h 




from 


1.9 

<),v' Y// — 3 


•V /% z/f 1 uy 

honi-:•*-— -~y al,« =3 


19 


from ^-- ir. y'\ y" rr.-g&■ tf'-sw 1 

..... .. in w - — 

V' ( 'y y ni ' zzti and & r " 13, which is the urgun. 

, ..... 

In another Example, Seke bekuHas rr 1 1 ", bhaganas■ = 49 , calp coodin or 

urgun' 3149, deist urguu zzQT, The quantity is found by the rule to be =r. 

. 


23 rev. 10 Signs, 18 , 23 


i— m : 


<€ The addy month l 7 is the bhady the eoodia 19 , 5 * the hlmjuk; the seke of 
“ the addy month 93, is the chepuk. , v 


1.95)3(0 


0 


Hn 


X seke disregarded 


1)5 bull.ee. 




** 0 x 9 & + 0 ftr 0 
« 1 ) 0(0 


Haas 


95 


0 lubd 

" 9 5 X l — 95 


0 


W95(0 
— 

.95 goonuk. 
195)o(0 


0 


" 




S' :■ ftp :, 


i 


,' -. r 1 
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u OF THE SANSTl^T COOT UK. 


.. By what number may 5 be m*W*l »4 * & *« 

.■be-/; an.! that mimber » tom* when multiplied by 10 ami divided by*. 

“ the remainder will be 14*. . . . , rt*. Lm -s^kea are 

“ The two goonuks are 5 and 10, the sum « the bhady , tin- two ,ek. 8 . aie 

■f 7 and i 4 , the sum is the chcpuk ; the bhujuk m both is the s.iuu: 0.1 Si . 

The question Is solved i before; it ends " Tims, however numerous..be 
" tlie Koonaks given, let them all be added for the bhodj and the wm. . «* 

» 1 , spent to the given eekee for the chepuk , the bhujuk will be alwaye the. 

“ same.’* 










“ THE CIIACKA 


he square is a ehaera bake There ace 
is called hursua (the smaller) ; its sqm 
be added the chepuk ; thi 
square, and this chepuk may 
; ascertai ned. Tire root of tl; 


J. liE multiplication of : 
i'he first quantity assumed 
multiplied by the preterit, and then must 
chepuk as will by addition produce a 
affirmative or negative, which must h 
the jeist: these three, the canist or hursua, jeist, and chepuk must be 


41 When the jeist and canist are multiplied into each otlie 
<f the sum is the hursa or canist.. It is called bieeljrei beets from, 
“angular multiplication ; the upper, or jeist, or greater, being ‘nv 
“ lower, smaller, the canist 5 ami the canist multiplied by the • 
“ the two products added is the hurs. 

«Tire two canists multiplied together, and multiplied again 
“ then the product of the two jeists— added altogether, produces 
“jeist; the product of the two chepuks then becomes the chepul 
The anter habna is described thus: “ The difference between t 
“ or budjra beas, produces hum or canist. The product of the \ 
“ by the praerit, and the difference between {this and) the pro 
“ ieists is the root of the jeist, and the product of the two 


The rest of this is very Imperfect, but the cases of (ifi — gp* and /3/3 


f l - q, are plainly alluded to. (See notes on the Persian 



? ° u:a ” 
this thei 

the same wav as far as the 11 Ojpdrat 

‘‘Hence, 1 k)\v various soever the 1st 

“ he produced eanist, jeist, and chcpe; and hence it is called the chacra 
I find no abstract of the rule for the “ operation of circulation,- out 
the first example, vis. 67*' + 1 = Q, as follows: " r ‘ 


the .cheap.; tbm the pracrit 67 , eamsi 1 


.y 1 **-- v .; ’ / \ 

as follows ; 44 Roop 1 is the eanist, 3 is 

I, jeist 1 }. Ilurs 1 is the bliaciy, ciiepe is 


8 “ the bhujuk, jeist 8 is the chep.uk: then Hv the cootuk gvno ; 

“ Cha. I* ehe 8, , . , 

I 'Ui : 


'■ Hur 3 ; hence the goonuk 1. 

“ then th,- square of 1 is 1, 07 - 1 mM l > t,f rhh 18 not 
“ 3 4-5 sz6, 6 4- i ~7 ; its 



li IIur t) 5 


*• ^ * • r » 

“ then 5 X 5 ~25 and 6<—25—42, 0)42(7 the luhd is the 


« ] £x, 121 X07 81 07 ; chepe is 7, 81074-7 —8100 its root is 


“ jeist ; then by the cootuk 


“ Canist is bhatly 11 , che go, 
“ Hur 7 


' - * , , . 
t* Here the goon is 2, else 7; 74^2~-.9 the second gponuk.; its 

“ "81 —6l ~ 14 ; 7)14(2 the other chepe.-’ 

“ The 


: • 


“ Ca. 27, 221 jeist, che 2, 







■ 

- 


tt ill 
111 


■he camst 27* This 1 $ madeieist SK-lv ; 

‘ Ca* 2/,: 221 jeist, ehe 2. 

.■ - n! ^ . 

wm^m^ v 




“ <- a ’ jeist-97084, che 4. 

“ Ca. 5967, jeist-48842, che i . 

The square ca. 35005089, which multiply by 07, and 1 added, the sum will 
“ be 2385540yo4, and its root is 48842.” 


7 . 


■ 

nssU 

■ 
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il 












*< ro 

JL HE unknown 


mm 


c< propovtio'r 

* 1 


m Hp™^ | „ ] , 1 g r; ; jy;o : 

■ 

quantitic, &c. must be clearly stated, and then the equation 
.duced in the. manner hereafter sheVn byx, by ~, by th'6 rule of 
, by progression, ratios, by ; .stilf nmintaiutna the equality. 

r ,rA Af'KArwi^ *AA . *1.- 7._i_ 


It will be remarked that the Persian translation has “ thejigure of the In ide," 
tor that expression which ts represented, by . in the above abstract. Mr. 


Davis tells the that the original had nothing like a reference to Euclid, and ti 
this part related simply to the proportions of rigiit-ang 



•led triangles. 

tire keven first questions of this book, with their 
as those in the'Persian translation. 

The first part of the iirst example is s u One man had 6 horses and 300 pieces of 
“ silver, ami the other ban 10 horses, and owed 100 pieces of silver ; their pro- 
“ perty was'equal. Qutere, the value of each horse, and the amount of the pro- 
‘‘ perfy of each' person. Here the unknown quantity is the price of one horse, 

* , i .■ “ J'; 6, i oo SCO 

“ Ja 6, roo 100 these are ^quah 




y.V ifeSfi 


Sm., ') | ’ ’ $ t 


‘ Ja b, roo 300 




MM 


“ Ja 10, roo too. Sodan, that is transpose. 

... . ‘ 


W 4h*$n 


a 6 -p 300 ™ Ja 10 
“ Ja 4 — 400 
“Ja -zv 100 


100 












"/ ■> . ■ . f i-'Xt;} ■ i , ; 



rattfM'! 


iip 





V ^ , , T . j ||| if ,, 

Tim square root of the sum of the squares of the bhoje and cote its the carna. 
* M3&U*tIheiAeaftbiit <>£ih|* , \,. *. { « ,jk *, 

eavna is jka ja; the figure thus, OT L- ' N *^v.' » Divide this b? a perpm* 






• ■» 

; these are equal triangles. The bhoje. is abada or given. 

JBh IT" 

The lumb or perpendicular is the cote, / r a * \ . in the latter the cote 

i * i 


** dicular wl 


** is a carna, the lumb perpendicular is the bhoje, the cote is the carna; they are 
“ similar triangles, When the bhoje, now carna, gives the lumb for the cole, 
“ then cotc for carna how much ? Thus by proportion the cote is found.'’ 


As bhoje 15 is to carna, then from this carna i5 what bhoje? 





NOTES, 


toa 


“ Therefore 15 X 15, and divide by da l, and the small bhoje is fouad 

225 


Ja r 


Aa'ain. 


“ As cote eri, to tho carna, so is the cam 20. What cote? 
This ts found' 

5 rr. Ja 1. 

■“ Then from the bhoje tp find the purpcmjieulur. 


400 ■ , , i , . , 225 tins 

Tfa 'r aiUi dns anticd to j ~~ _ is the carna ; whence 


I he bhoje 15, its square 225 ; bhoje ab^da^, . 9 , its squares!; the dilFer- 
*• encis is 14-*; its root is the lamb j : .e, 

00 , the cute 20, its square 400 $ cote abatla I<5, its. square 25b; difference 
“ of squares 14 4; its root the lumb is l 2 /‘ Again, 

Another way. . 

‘Carnaja l ; then halt the rectangle of tlie bhoje and cote is equal to the 
‘‘area = 150; tlierefore the area of the square formed upon the can,a in this 
a,a P nei " ue ef 1 u{d to four times the above added to the contained square, 
whico square is equal to the rectangle of the difference between the bhoje and 
cote, which is 5 X 5 ~ 25. 'I he rectangle of the bhoje and cote is 15 x 20 


a 


300; and 300X2- 


'■600 (or x 4) ; 600 4- 25 zz 625, which is equal to 

^ a,ea "'bole square drawn upon the carna, and therefore the square 

root of this is equal to the carna = 25. If this .comes not out an integral 
‘ number^ then the carna is Imperfect or a surd, foot. 

(( 1 he sun 1 of the squares of the bhoje and cote, and {lie square of the sum of 

“ the bho j e itnd cote > th e difference of these is equal to twice their rectangles; 
“ -bhi:«fQ«:e (tbjpqreiq) .the square root of tl«; squat’c^ of the bhoje aqdGOte. k equal 
to the carna. fo illustrate this, view the figure.” 

Ueie a figure, is given which requires CKphuwtion to make it intelligible. 

^ In that hgu.ie where 3 deducted from the bhoje, and the square root made of 
the remainder, and one deducted from the square root, and where the remainder 
h equal to the difference between the cote and carna. Required the bhoje, cote, 
x ‘ and carna. 

v OPEKATxOSk’ 

‘ Ixt the assumed number be 2 , to which add 1 , its square is made = 9 ; to this 
adrl 3, whence the bhoje is 12 ; its square is 144, and this by the foregoing is 
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NOTES. if)7 

“ e f> al tl,e f ^'ence between the squares of the cote UA carnaj and the Mm 
“ °* tl>e co,e and carna multiplied by their difference is equal to tbis. ’v 

Then follows something which I cannot make out, but it appears to be an 
illustration o! the rule, that the difference of two squares is equal to a rectangle 
under the sum and difference of their sides, probably the same as that in the 
Persian translation. The end of it is, 

lhus the square of 5 is 2 o, and the difference between ,5 and 7 , sides of the 
“ square, is Q; the sum of tliose sides h 12 , which multiplied together is 24 ; 

“ i l wreh, ' e e< l l * ul to tl,,s j* the remainder, when from the square of ? is deducted 

“ 7he difference between the squares of these is’ known, and thence the 
^ and earna are cliscovered tfms : This difference of squares divide by the 
offe.cnce of the cote and cama, of difference of roots; as in the Pati Gahita, 

T ~ / J ’ ant ‘ ***“ *® the sum of tiie tv/ ° quantities sought, as is taught in the 

^‘ Pat! Gamta, but their difference is g; therefore deduct 2 from the sum, the 
^Hmmnder ufy+ndh*l f* first quantity sought Again, adffito 

“the carna 37** * * ** ' * ^ ^ ol{ler quantity ; therefore- the cote is 35, 

« nlyTh^e bv rT ed d f C *'' enC X % U numbers are *>“»<* * **> > ^ 

Py by 4, the numbers will be 28, 96 ', |(J 0 . 

/Then follows a note of the rule, that the difference of tjte sum of the semares of 
wo numbers, and the square of their sum, is equal to twice the rectangle oA] 
two numbers, and this example as in the Persian translation. ' % 

•«fr . . ! ' ■ >• 

„ f, are 3 and 5 i the sum of squares g 4 . <25 «- 34 .. *i ie 9un 

8 , ItKfans att the aifereiJcg h 64,-34 = 30 , theilJXS = !5 d>"J —)0 

<' S It :r,- B '7 h f *** - ~ ^ow-. bat the'dife^ 

/ ,e q ' 16 *”* W 3. ft*. % m tjfcnic^c? ihi „,4j 

* ~ 8 5 thw 18 their sura » aud deduct their difference 8 - a - 5 , half this j s 
“ one number, and 8 + 2 — !o, and * (> 


^ = 5 > tiie other number.” 
0 2 

lir 





In tbe figure where the sum of bhoje, cote, earns, is 40, and the product of 
«* bhoje and cole 120 . What is the bhoje, cote, carua ? 

” Multiply the product l ..0 by 2 ~ 240 ,this will be equal to the difference between 


*< f 


the square of the sum of t lie bhoje ami cote and the carnas square, the sum 
** of the squares of the bhoje and cote equal to square of the carua ; therefore the 
“ product oflhe bhoje and cote X by 2 is equal to the difference between the 
rectangle and cote (the square) of the sum of the bhoje, and the square of the 


carna. 


Mmm 


mmismk >' 

« 
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240 

Divide this number 240 by the sum of the bhoje, cote, and carna 40, — j- = 6 , 

hoie and 


W\ 


* which is equal to the difference between the carua and the sum of bhoje and 

€ cote . Hence — 17 the carna : 23 sum of bhoje and cote, squared is 

« 529 . Multiply the rectangle of bh je and cote 120 by 4 ” 480, the remainder 
“ 49 , and its root 7 ; this is the difference of bhoje and cote; deduct this from 


‘‘their sum 23; 23—7= 16 ', its half 4 = 8 * s ..the bhoje; 23 + 7 30, its 


“ half, is the cote 15, 


■nyMPfl, 

wfesSsO 
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The next is, 

“ Where the sum of bhoje, cote, carna is 56‘, alid their product 4200, what 

“ are the bhoje, cote, carna? 

,l j a i, ]a, bha. J. I he sum of bhoje, cote, carna. 

1 v<‘l 1 * v" '• { \J «\[ ■’ : • 

‘ Carna ja 1 ; ja *1, roo 56; these three multiplied, 4200. 

*« The rectangle of bhoje and cote —— equal to sum of squares of bhoje 

** and cote is ia bha i, sum of bhoje and cote ja 1, roo 56; the square ja bha 1, 

, 8400 

“ rn ns, roo 3136} the difference between them is equal to-r--; 

•• therefore Ja 112 roo 3136 
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Ja 0 roo 8400 

> 1 
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“ divide both by 112 5 reduce both sides, and it will be 

Ja 1 roo £8 

Ja 0 too 75 
Ja 1 

Reduce the fractions, 

“ Ja bha 1, ja 28, roo 0 
“ Ja bha U, ja 0, roo 75 

“ Multiply by 4, and add the square of 28. 

“ Ja bha 4, Ja 112, roo 300 (should be 784) 


“JabhaO, JaO roo 434 


,4200 
~25 ' 


“The square root4~-| then add, j^s divide by 2 ~"‘25, which is 

“ the jabut, and therefore carna. 

“ Then for the bhoje cote. The three multiplied are 4200, Divide by canrn 

— 108 = bhoje X by cote The sum of bhoje and cote =56- 25=31, 

“ and 108X4 = 672. The square of 31 = 961 ,” (the difference) “ 289, its square 
" root is the difference of bhoje and cote zz VJ ; deduct this, 31 — 17 = 14 » its 
“ half 7, which is the bhoje 5 and 31 + 17 = 48; its half 24 is the cote.” 

The lines above have been carelessly drawn. The true Hindoo method of 
writing the equation — x -f 28 = — i understand to be this, ja 1 roo 28, aud 

V —r- .il-'- -irr-a-1-*» 


that of — -v x 4- 28 4 1 = 75 this, Ja bha 1 | ja 28 


Ja 0 Roo 76 
Ja 31 


JabhaOjja 0 


roo 0 


roo 75 
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Fiixu among ivir. ijaviss notes a mail part only of the beginning of tip 
3d book, which consists of rales for the application of the cootuk to questions 
re more unknown quantities than conditions. I find also some 


where there are 


notes which evide ntly relate to "the first example of this book, but nothing 
, distinct can be made out. 

There are no notes relating to the 4th book* . 

Of the 5th book only this: 

“ When there are two or more quantities multiplied, the 1st quantity must be 
u discarded—-then”... .There is also an abst^ct of the first example, the same as 
that in the Persian translation,. 
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Extracts from Mr. Davis’s Notes, taken .from a model 
Hindoo Treatise on Astronomy. 
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** Bf the method of the Jeishfc and Can is t from, two jy as# being found, others 
u may be computed by those who understand the nature of the circle (the how 


WMM 


* Jya or jaw; sine.*—The modern Europeans ftccjnired theft knowledge of the sine from the Arabians; and it 
is obvious that they used the term sinus only, because the word jeeh ( by which the Arabia as catted the 

line in question, is translated sinus vidusii. The radical meaning of is to cut, and ft denotes the bosom 

of a &ra«*t. only* because the garment is cut there to make a pocket; accordingly we find that 










aroTJ's, 


n\ 

“ and arrow), and thus, by the addition of surds, may the sum and the 
“ difterence of the arc and its sine be computed whether that arc be yo degrees, 
“ more or less. 


does not mean bosom* but that among the Arabians it signifies that part of their dress where the pocket is 
usually placed* and in some languages which abound in Arabic words* as the Persian and the Hindoostanee, 
it is the common term, not only far a pocket in the boson), but for any pocket wherever it may be- In all 
Arabic dictionaries this word is explained as above, and in some, though not in all, (it is not in <$e Kusblcol 
Loghat) the line we call sine in given as a second meaning. 

The Arabs call the arc Jams which signifies a bow ; the cord wutr ( y*j)> which is the koto-string; 

and the versed sine suhwn which is the arrow. But the sine they express* by a word which has no 

comioxion whatev er with the bow* 

The Mathematical history of the Arabians is not known enough for us to .peak positively about the first use 
of sines among them, but there seems to he rea on to suspect that they had it from a foreign source, probably 
from i he Indians. 

The Sanscrit word for the t hord or more properly jya and jha v (For these terms see Mr. f>avis's 

p^p^r Bw a&oitd volume of the Asiatic Jj^arches j the literal explanation of the word 3 Iu& bam gi ven me by 
Mr* Wilkins,) and the sine is called jya irdfu, or half cord ; but commonly the Hindoos, for brevity, us cjya 
for the sine* They also apply the word in composition as we doj thus, they call tfie cosine meaning the 

sine, the side of a right-angled triangle; the sine (or right sine) bkojjya * meaning the sine, the base, of 4 right* 
angled triangle, and cramajyn the sine moved; the vers ; sine they call aolcruntajya, or.,the sine moved up¬ 
wards;; tiie radius they call tridjya, or the sine of three, (meaning probably thrfc signs.) In their term for Urn 
diameter jyopihda, or whole/yn, the word is used in its proper acceptation for chord , and not for jya ardhi, 
or sine, , djy , Jy,, 

It seems as if < 


and jyavere originally the same word. Mr. Wilkins (the best authority) assures iue 

that jya % in the feminine jim r is undoubtedly pure Sanscrit, that it is found ill the lyesfc and oldest diction:?.rhssv 
aud that its meaning is a bowstring. 

The Arabians in adapting a term to the idea of chord, had reference to the tiling which it resembled* 
and called it or the &ou+siring ; but having so applied this term, they bed tp seek another for sine} 

then they viooil natural»y refer to the jiame of the : thing*, ,*md call it by orne word in their own language, 
which nearly resembled that under which It was originally known to them. This mode of giving a separate 
designation to the sine was evidently more convenient than that of the Hindoos, sol conjecture that UaaCSw 
for sine ts ho other than the Sanscrit word jyt or jiva. 

^ * s mmarkable the Sanscrit tcrriiTs hr the sides oi a right-angled triangle have re/lrttatce in a boxv ; 
they seem to be named from the angular points which .ire formed by the end of the how, the arm which 
hold* it, and tht car to which the string, k drawn ; thus the 0$ U called call* qr end of the bow; the base 
bhoj, or the ami; and the hypothesise carnet, ox the ear. Some further explanation however is desirable 
to shew why bhnjjyd \i the fenii lor the sine* mid not (a* it should but by a oology) the cosine*, and eoiijya the 


cosine instead of the sine. 


The HiudUb;, have a word for the nursed sine, sur> which signifies answering exact!# to the Arabic 


nr* 






NOTES 



“ Multiply the jaw of one of two arcs by the cotejaw of the otlier arc, divide 
“ the product by the tridjaw, add the two quotients and also subtract them ; the 
“ sum is equal to the jaw of the two arcs, the ocher is the jaw of the difference 
between the two arcs. 

“ Again, multiply the two bojejaws together, and likewise the two cotejaws 
**together; divide by the tridjaw. Note the sum and the difference. The sum 
“ is the cotejaw of the sum of the two aics, the difference is the coU jaw of the 
“ difference of.the two arcs. ' . 

“ In t iis manner Bhascara computed the sines in his Sirnmtmy, and others 
“ have given other methods of their own for computing the same. 

The author of the Marichi observes, “ that the author of the Siromoni derived 
“ his method of computing his sines by the jeisht and canist, and diagonally multi* 
“ plied (bajera beas), the jeisht and canist being the cotejaw and the bojejaw; 
“ hence he found the sines of the sum and difference of two arcs, the third 
“ canist being those quantities. He did not use the terms jeisht and canist, but 
“ in their room bojejaw and cotejaw. I shall therefore explain how they 
" were used. 

“ The bojejaw zr canist (small). 

“ Cotejaw = jeisht (larger). 

‘‘ (The theorem then is what square multiplied by 8, and 1 added, will produce 

“ a square). 

“ Multiply tlie given number (8) by the square of the canist, and add the 
“ chepuk, the sum must be a square. 

“ The bojejaw square deducted from the tridjaw square, leaves the cotejaw 
“ square, therefore the bojejaw square is made’negative, and the tridjaw square 
t* added to a negative being a subtraction, the tridjaw square is made the chepuk. 

* The canist square, which is the bojejaw square, being multiplied by a negative 
“ becomes a negative product, therefore the quantity is expressed by 1 roop 
** negative. 

« Then the bojejaw square multiplied by 1 roop negative, and added to the 
“ tridjaw, its square is the cotejaw. 

« Hence the bojejaw and cotejaw in the theorem by Bhascara, represent the 
“ canist and jeisht, and J roop negative is the multiplier, and the chepuk is the 
« square of the tridjaw, arid the equation will stand as follows : 

« Canist 1st jaw I : jeisht 1st. cotejaw 1 : chepuk, tridjaw square 1, 

“ Canist 2d. jaw 1 : jeisht 2d. cotejaw 1 : chepuk, tridjaw square h 

) 
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NOTES. 

“ These multiplied diagonally produce 

“ 1st jaw 1.’ £>d cotejaw 1, 

“ £it jaw 1. 1st cotejaw 1. 

j 

:: f, fr.th' ‘v& l 4- ;ir-“v? 'T , ; 

“ These added produce the first camst, viz. 

“ 1st jaw + 2 cotejaw. 

. 

“ which is the sum 


. 
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(or joge) and the difference. 

> 


“ Sd jaw -- I cotejaw. 


“ Thus from the sum and difference are produced two canists, and the square of 
« the tridjaw squared is the chepuk; but the chepuk wanted being only the 
« s(|uare of the tridjaw. then as the Jijja. Gardta directs divide by such a number 
“ as will quote the given chepuk. 

“ Therefore the tridjaw being the ist, or assumed, or given quantity, divide 
u the canist by it, the quotient will be the tridjaw square, and hence the theorem 
“ in Bhascara for the bojejaw. 

“And in like manner the cotejaws are found; hut Bhascara did not give this 


theorem for the cotejaws, because it was more troublesome. Me therefore gav 


“ a shorter rule 


But since the cotejaw square is equal to ffie -bojej&w square 

it 


u deducted from the tridjaw', therefore the same rule may he applied to the 
u cotejaw, by making the cotejaw the canist, and the bojejaw je-ishfr; then fay the 
“ foresroing rule the cotejaw of the sum or- .difference of the arcs mav be found”* 
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« Sloca. The munis determined the equations of the planets centres for tl 
“ use of mortals,' and this can be effected only by computations of the sines of 
« arcs. I shall explain and demonstrate their construction and use. 


mmfifcwF; 


c( o, Ami for this purpose begin with squares and extractions of roots, for the 
satisfaction of inttUtgem persons of ready comprehension. 


mKMm 


« -g. The square is explained by the ancients to be the product of a number 

. . . « <•* /i » _ ivitr f/moroc -r»r/» :iiwl rnnta 


r ) + .1 l I V MV| v< -J if ~ 

<c multiplied by itself. (He goes on to show how squares arc found and roots 
•d extracted as in the Lilavati). 


“6. Square numbers may be stated infinitely. The roots may be as above 
extracted, but there are ‘numbers whose roots are irrational. (Surds.) 


liilHqll 


“ 7 . The ancients have shewn how to approximate to the roots of such 
“ numbers as follows : Take a greater number than that whose root is wanted ; 
“ and by its square multiply the given number, when that given number is an 
.•« integer. Extract thwfoot of the product, divide this root by the assumed 
« nur „ber, and the quotient will approximate to the root required. If the given 
“ number be a fraction, multiply and extract as before. To approximate the 
U nearer the munis assumed a large number, but the approximation may be made 
“ by assuming a small number.” 


Ami after a blank. . 

„ Ia like manner surds are managed in the abcht or symbolical letters, 

a f Algebra) ex pressing unknown quantities. 


A <r ain, after a blank; 

« Some have pretended to Have found the root of a surd, and that this might 
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" be effected by tlie Cutuea Ganita, attend and learn whether or not this could 
“have been possible. 1 shall relate what Bhascara and others have omitted to 
“explain. A root is of two kinds; one a line, the other a number. And the 
“ root of a-square formed by a line expressing 5, may be found, though the root 
“ of 5 cannot be numerically expressed; but the numbers i, 4, 9, &c. maybe 
“expressed both ways. ‘2, 5,5, See. are surds, and can have their roots expressed 
“ only by lines. (He goes on to shew the impossibility of finding the root of a 
‘J^surd, though it should be eternally pursued through fractional quantities.) 

“ The root of a surd may be shewn geometrically.” 



I Have copied these two extracts exactly as I found them ; there appear to be 
one or two errors which it may be as well to mention, In the first extract the 
latter part of the first sentence should, perhaps, run thus : “ By the addition of 
“ the jeisht and canist may the sines of the sum and difference of arcs be 
“ computed,” &c. 

I observe that where jeisht and canist first occurred in these notes Mr. Davis 
translated it originally “ arithmetic of surds,” and afterwards corrected it; 
probably from oversight it was not corrected in the second place, 

The value of the cosine of the sum of two arcs is given instead of that of the 
difference and vice versa. 

There is an error also in writing the sum and the difference of the cross pro¬ 
ducts. 

I know nothing of the author of the Marichi. Possibly he might have 
observed that the jeisht and canist rule corresponded with the formula; for the sines 
and cosines, and the latter were not derived from the former by Bhascara, but 
invented at a later period, or introduced among the Hindoos from foreign 
sources. Probably however the application and the formula? are both of Indian 
origin. 

As for the second extract the rule for approximating to the square root is the 
same as that given by Recorde, in his “Whetstone of Wit,” which was pub¬ 
lished in 1557; and by his contemporary Buckley; (for an account of whose 
method see VYaliiss Algebra, p. 32. English edition.) I have before stated, that 

p 2 




this rule is awo in the Tilavali. 1 mentioned it generally then only because of 
its connexion with a trigonometrical proposition. The following is a literal 
translation of the rule, as given by Fyzee: “ Take the squares of the base and 
“side, and add them together; then multiply by the denominator and write it 
“ down. Then assume a large number and take its square. Then multiply it 
<» by that which was written down. Take the square root of the result and call 
U it the dividend. Then multiply that denominator by that assumed number, 
“ and call it the divisor. Divide the dividend by the divisor, the quotient is the 
“ hvpothennse.” This is not delivered with perfect accuracy, the true meaning 
however is plain. If the assumed multiplier is decimal the method gives the 
common approximation in decimal fractions. The writer denies that the root of 
a surd can be found by the cootuk, but he speaks of it as a subject to which the 
cootuk was said to have been applied. It is very improbable that such a tiling as 
this should have found its way from Europe to India, and it is veiy probable that 
many things of this sort were to be had from Hindoo sources. 
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Explanation of Sanscrit Words used in Mr. Davis’s 

Notes* 


SIJA OANITA —Algebra—Literally seed counting 

pati Ganila —Arithmetic—Ganita seems to be used as we use arithmetic. Thus as we. 

have arithmetic of integers, arithmetic of surds, decimal arithmetic, &c. the 
Indians have bija gauita, pati gauita, cutuca ganita, &c. 

Jabut Tabui—The unknown quantity, as we use a*—Literally as far, so far. It is not clear 
how this comes to be so used. It would be more conformable to the rest of 
Hindoo notation, if the word panda (white) were applied ; the first letter of 
pandu is very like that of jabut, and they might easily be confounded,. 

Kalulc, neeluk, #c,—Unknown quantities—Literally the colours black, blue, See* 

A belct —Unknown, * 

Carni, surd —Hypothenuse—Literally ear. 

Mahti and laghoo —Greater and less. 

Hoop —Known quantity—Literally form, appearance* 

Bhadij — Div idend. 

Ihir —Divisor. 

BJiujuk —Divisor. 

Sake —Remainder. 

Dirl — Reduced. 

Cheputc or chepe —Augment* 

Bullee —Chain or series. 

Unte— Last. 

Upantea —Lust but one. 

Lubd —Quotient. 

Goonuk or Goon —Multiplicand. 

Rhin —Minus —Litendly decrease. 

Coodln— An astronomical period. 

Urgan — Number bf days elapsed. 

IJekullas —Seconds, 

Cull as —M i mi tes. 

Jnsas —Degrees. 
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P> h aganas .—Re vol u tkms« 

Cal ft —The great period 

Haas —Literally a heap, a sum total., a constellation* 

a cc T c 

Cootuk— The principle on which problems of this form -••••£-- = y are solved. 

o t dx * 

Sanstht —Ditto of j- zz y + c and -j- ~ t f e. . „ 

Chacra-bala~-‘I)\tto of ax* + i ~ y*-Literally strength. 

Hursua t hurs > hursa—x in the above fonn — Literally small. 

Praml—a in Ditto—Literally principal 
jeist or Jeislit—y in Ditto—Literally greatest. 

Canist — a? in Ditto—Literally least. 

Humans habna—lt a*'* ■+• (3 = y '* and a/ 1 + 0 = $*, then the rule a" - f y/ is called 
samans babna—Literally contemplation of equal degrees. 

Anter bahna -In the above form, when x" = xg — y'f, it » called anter babna—literally 
contemplation of difference. 

Badjra leas —Cross multiplication which produces the abote forms -Literacy cross 
diameter. 

Cootuk gunnit or cutuea ganita .—Cootuk Calculation. 

Sodann— Reduce—Literally purify. 

Utapana —Brought out. •# 

Ilhoje —Base of a right-angled triangle—laterally arm. 

Coie- Side of Ditto- Literally end of a bow! 

Car.ia —Hypo thenuse—Literally ear. 

Jjumb —Perpendicular—Literally length. 

A-bada —Given. 

1st —Assumed. 

Jaw or ,h/a —Sine or chord—Literally bow-string. 

Bojcjaxv —Sine. 

Co t ej av >—C osine. 

Tridjaw —.Radius—Literally sine of three; perhaps meaning of three signs or 90 degrees. 
Addxj —Intercalary. . 

Che-tits fCshaya. tithi )—Difference of solar and lunar days. 

Ahum—} For bhumi savan—solar days. 

Chandra —Lunar. . 


For the literal explanation of these terms, as far as they could be made out, I am obliged 
to Mr. Wilkins. Most of the words are written here according to their common pronun¬ 
ciation in Bengal. ^« 
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Dear Strachey, 

Havin g just laid my hands on a parcel of papers of notes, containing abstracts and trans¬ 
lations from the Bja Ganita, made by me, with the assistance of a Pandit, as long ago as 
when I was stationed at Bhagulpore*, I send them to you with full liberty to make any use 
of them. Ever since my removal to Burdvvan these papers have lain unnoticed, and might 
have continued so had it not occurred to me that you are occupied in such researches. There 
may betrifling inaccuracies in'some places, the translations having been made carelessly and 
never revised ; but their authenticity may be depended on, as they were made from the original 
Sanscrit Bija Ganita, which was procured for me at Benares, by Mr. Duncan. I send also 
a book of memoranda, containing chiefly trigonometrical extracts from a modern astronomical 
work in Sanscrit, which I suppose to have been written in Jey Sings lime. 


I am very sincerely your’s. 


Portland Place, Jan, 1812 . 


S. DAVIS. 



THE END 



* About the year 1790. 


Glendinning , Printer } llatton Garden , London , 









